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 Chapter 1 contains a brief description of aurophilic interactions and their role in the 
formation of high order gold clusters. The isolobal analogy is applied to trigold(I) clusters. 
In particular, an analogy is drawn between the sigma- and pi-bonding interactions in 
[Au3C]+, [AuCR2]+, CR3+ (R = Aryl), and CO32-. This analogy leads into a discussion of the 
recent gold(I) carbenoid literature, and the rationale for the pursuit of an NHC-supported 
trigold(I) carbido cation. Finally, bond metrics corresponding to observed close Au-Au 
contacts reported in the literature are compared with their corresponding calculated and 
measured interaction energies. From this analysis, the energetic contribution of the Au-
Au interactions observed for the compounds described herein are estimated.  
Chapter 2 describes the synthesis, structure, and reactivity studies of a SIMes-
supported trigold(I) cluster. This species was initially prepared as a potential precursor to 
a trigold(I) carbido cation; however, the stronger than expected Au3C-CO bond, 
exemplified by a short crystallographic C-CO bond distance, and suggestive of net double 
bond character, precludes such reactivity. The CCO moiety exhibited neither appreciable 
nucleophilic, nor electrophilic behavior. However, the lability of the three Au3-CCO bonds 
was exploited for ketene transfer reactivity. 
 Chapter 3 describes the exploration of other routes to an NHC-supported trigold(I) 
carbido cation by reaction of  gold(I) diazoalkanes with suitable gold(I) precursors. Solvent 
adducts of digold(I) silylmethylidyne cations, a digold(I) methylidyne cation, and a trigold(I) 
carbido cation were prepared. A gold(I) methoxymethyl carbenoid complex was also 
prepared. Diffraction studies reveal weak aurophilic interactions between the Au centers 
in these species. The trigold(I) carbido cation exhibited electrophilic behavior at the 
bridging carbon, reacting with CO to give the trigold(I) ketenylidene cation. Reaction with 





 Chapter 4 describes the synthesis of an isomeric mixture of 1-auro(tetrazolate) and 
2-auro(tetrazolate). Addition of a gold triflate to the isomeric mixture resulted in a fluxional 
diauro(tetrazolate) cation. Attempts to deprotonate the tetrazole derived CH proton of this 
species led to deauration, regenerating the monoauro(tetrazolate). I envisioned 
circumventing this problem by carrying out 1,3-dipolar cycloaddition between a terminal 
gold azide with a terminal gold cyanide to form a 1,5-diauoro(tetrazolate). Little evidence 
of reactivity was observed between (IDipp)AuN3 and (IDipp)AuCN when they were 
combined in THF or DCM, even with heating. In CD3CN solution at 60°C, however, 








1.1 Aurophilic Interactions in the Formation of High Order Gold Clusters 
Organophosphine-supported gold clusters bridged by main group elements are 
stabilized by an attractive interaction between closed-shell metal centers termed 
aurophilicity, or more generally metallophilicity.1-4 These clusters have the general formula 
[(LAu)nXm](n+m), where X is a single bridging atom or a bridging moiety and L is the ancillary 
organophosphine ligand. The effects of aurophilic interactions manifest in these clusters 
as close Au-Au contacts even for those having classical coordination numbers at the 
bridging ligand, but are particularly apparent in the hypercoordinate clusters of interstitial 
main group elements. Such elements include, but are not limited to, the smaller main 
group elements B, C, N, and O, as well as larger main group elements including P, S, and 






Scheme 1.1. Selected hypercoordinate gold(I) clusters bridged by main group elements. 
{[(Ph3P)Au]4B(PCy3)}+,5 {[(Ph3P)Au]6C}2+,6 {[(Ph3P)Au]5C}+,7 {[(Ph3P)Au]4N}+, {[(Ph3P)-
Au]5N}2+,8-9 {[(Ph3P)Au]4O}2+,10 {[(Ph3P)Au]3O}+,11 {[(Ph3P)Au]6P}3+,12 {[(Ph3P)Au]5P}2+,13 
{[(Ph3P)Au]3P(o-Tol)}+,13 {[(Ph3P)Au]6S}4+, {[(Ph3P)Au]5S}3+, {[(Ph3P)Au]4S}2+,14-15 




In fact, hypercoordination of main group elements by LAu+ often occurs despite 
reaction conditions that could be readily expected to result in lower-nuclearity species. For 
example, even under stoichiometric conditions, the phosphine-supported tetragold(I) 
methane [(o-Tol3P)Au]4C was isolated only after employing sterically bulky tri(ortho-
tolyl)phosphines to suppress the tendency of LAu+ to aggregate and form the penta- or 
hexa-aurated species.17 Similarly, when {[(Ph3P)Au]3O}+11 reacts with a large excess of 
ammonia, the resulting product is not a mixture of mono-, di-, or even triaurated species. 
Instead, the tetraurated ammonium cation is isolated in 72% yield  {[(Ph3P)Au]4N}+.9 
Likewise, when (Ph3P)AuCl reacts with an excess of Ag2O, not the di- but the triaurated 







































































































Scheme 1.2. Cluster syntheses leading to higher than expected auration.9,11,17 
 
1.2 Description of Aurophilic Interactions 
Aurophilic interactions are counterintuitive if one expects coulombic repulsion 
between neighboring LAu+ fragments to overwhelm attractive van der Waals forces. The 
situation becomes clearer when electron-correlation and relativistic effects are 
considered, but the precise origin of aurophilic interactions are not fully understood.18 
Relativistic effects become non-negligible for heavier ions bearing large nuclear charge 
and reach a maximum for gold (Z=79). Aurophilic interactions are much weaker than ionic 
interactions, but can approach the strength of a hydrogen-bond with energies in the range 
















































1.3 Main Group Element Bridged Trigold(I) Clusters. Isolobal Analogues of  
[Au3C]+ and Its Adducts. 
 Pyramidal bridged trigold(I) clusters bearing capping ligands or organic moieties in 
the apical position of the bridging atom include, for example, the trigold(I) phosphonium 
boride complex {[(o-Tol3P)Au]3B(P(Cy)3)},31 the trigold(I) phosphonium carbide cation 
{[(Ph3P)Au]3C(P(Me)3)}+,32 the trigold(I) methyl(dimethylsulfoxonium) cation {[(Ph3P)-
Au]3C(S(O)(CH3)2)}+, the trigold(I) phosphonium nitride dication {[(Ph3P)Au]3N-
(P(Ph)3)}2+,33 and the trigold(I) o-tolylphosphide cation  {[(Ph3P)Au]3P(o-Tol}+ (Scheme 
1.3).34 Examples of trigold(I) clusters bridged by uncapped atoms include for example 
those of O, S, and Se with the formulae [(LAu)3O]+,35 and [(LAu)3S]+, [(LAu)3Se]+.19-21 To 
date, there have been no reports on members of the isolobal series consisting of the 
uncapped open shell trigold(I) boride [(LAu)3B], carbide [(LAu)3C]+, and nitride [(LAu)3N]2+ 
clusters. The trigold(I) carbide and nitride species in this series would be fundamentally 
different than existing higher nuclearity examples19-21 with respect to formal oxidation state 
at the bridging ligand. To illustrate this point, consider tetranuclear, pentanuclear, and 
hexanuclear gold carbides bearing [Au4C], [Au5C]+, and [Au6C]2+ cores. In each case, the 
gold atoms are assigned an oxidation state of 1+, which when balanced with the overall 
charge of the core gives a formal oxidation state of 4- at the bridging carbide ligand. Using 
the same approach, one arrives at a oxidation state of 2- for the bridging carbide ligand in 
[Au3C]+. A lower coordination number at the bridging carbide of [Au3C]+ coupled with its 
open-shell electronic structure is expected to impart reactivity at the carbide carbon not 









The isolobal analogy36-38 has been applied to the LAu+ fragment allowing various 
useful chemical comparisons between the empty Au+ frontier σ-orbitals and the empty H+ 
1s orbital.39 Another less obvious comparison using a special case of Hoffman’s isolobal 
analogy termed autogenic isolobality by Pyykö relates [Au3C]+ to CO32-.40 Under these 
circumstances, an analogy is drawn between the empty 2pz orbital of singlet activated 
oxygen and the empty 6s orbital of Au+, both of which may behave as σ-acceptor orbitals. 
Additionally, an analogy is drawn between the filled 2px orbital of oxygen and the filled dxz 
orbital of Au+, both of which may behave as p-donors to the empty carbon 2px orbital. 
Using this approach, the isolobal analogy may be drawn between CO32-, [(R3C]+ (R = Aryl), 








































1.4 Contribution of Au-to-Carbon dp-pp Back Bonding to the Stabilization of Gold(I) 
Carbenes. Rationale for the Efficacy of [(LAu)3C]+. 
 Mechanisms assigned to a number of gold-catalyzed transformations require 
cationic gold intermediates coordinated by formally divalent carbon.41-42 The extent to 
which the carbons of these gold-bound intermediates bear formal carbenoid (Au+=CR2) or 
carbenium (Au-CR2+) character depends on the degree of stabilizing Au-to-carbon dp-pp 
back-donation, which has been highly debated.43 The Toste-Goddard model describes 
orbital interactions in complexes of the form [(L)Au(CR2)]+, where L is a 2-electron donor 
and CR2 is a carbene fragment. This description includes one 3-center 4-electron s-
bonding interaction, and two separate orthogonal p-boding interactions (Scheme 1.4).44   
 
 
Scheme 1.4. Toste-Goddard model for (L)Au(CR2) frontier orbital interactions.42,44 
 
According to this model, increasing the electrophilicity of the carbene carbon should 
decrease its ability to s-donate to the metal, while simultaneously increasing its p-acidity. 
Therefore, representation of the gold-carbene interaction in these complexes as Au=CR2 
is accurate to the extent that it represents the combined s and p contribution to the overall 
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Wiedenhoefer conducted the first experimental determination of the p-donating ability of 
LAu+ into the empty pz orbital of a gold-bound carbene carbon using the 
cyclopropyl(methoxy)carbene complex [(Johnphos)AuC(OMe)(c-Pr)]+ (Johnphos = (2-
biphenylyl)di-tert-butylphosphine. They concluded, based on comparison of bond metrics 
in the cyclopropyl ring of the gold-bound carbene with organic analogues containing 
cyclopropyl rings bound to a p-acceptor group, that the carbocation-stabilizing ability of 
(Johnphos)Au+ by p-donation exceeds that of a methyl or phenyl group, but is similar to 
that of a cylclopropyl group (Scheme 1.5).46 
 
 
Scheme 1.5. Resonance contributors for [(Johnphos)AuC(OMe)(c-Pr)]+.46 
 
The Au-CR2 bond lengths in a series of bis(4-methoxyphenyl)carbene gold 
complexes (P)Au(C(p-C6H4OCH3)2) (P = phosphine) described by Fürstner, bearing 
electronically different phosphine supporting ligands, were responsive to phosphine donor 
strength, but ranged narrowly (a, 2.039(5) Å; b, 2.028(4) Å; c, 2.039(5) Å) (Scheme 1.6).47 
Fürstner argues that this limited effect, taken together with pronounced shortening of the 
bonds from the carbene carbon to ipso-carbons, indicates dominant contribution from the 
anisyl substituents in stabilizing the electron-deficient carbene carbon by p-interaction. He 
also argues that, in contrast to Straub’s non-heteroatom-stabilized gold carbene,48 the 












communication between the empty carbene pz orbital and the anisyl p-system, which is 
free to rotate at -50°C as demonstrated by a single set of NMR signals. 
 
 
Scheme 1.6. Resonance stabilization of the carbene carbon in (P)Au(C(p-C6H4OCH3)2) 




Straub described the first isolable non-heteroatom-stabilized gold diarylcarbene 
complex (IPr**)Au(CMes)2 (Scheme 1.7).48 The authors point out that the Au-CMes2 bond 
was slightly longer (Dd = 1.6 pm) than the Au-IPr** bond, which was attributed to a greater 
degree of p-back bonding in the Au-CMes2 interaction. This was rationalized with the 
argument that the greater degree of s-character on the carbene carbon of IPr** compared 










Based in part on the above reports and using the isolobal analogy, I hypothesized 
that a trigonal planar N-heterocyclic carbene-supported trigold(I) carbido cation 
{[(NHC)Au]3C}+ might be stabilized sufficiently by gold-to-carbon dp-pp back bonding to 
permit its isolation. It was envisaged that the reaction of suitable gold(I) precursors with 
gold(I) diazoalkanes to afford digold(I) carbynoid and trigld(I) carbide species might be 
achieved. Relevant organogold species resulting from the synthetic approaches explored 
include the NHC-supported trigold(I) ketenylidene cation (NHC = SIMes, IMes) (see 
Chapter 2), the acetonitrile and pyridine adducts of the NHC-supported  trigold(I) 
trimethylsilyl(methylidyne) cation (NHC = IDipp, SIMes) (see Chapter 3), the pyridine 
adduct of SIMes-supported digold(I) methylidyne cation (see Chapter 3), the IDipp-
supported gold(I) methoxymethyl complex (see Chapter 3), and the labile SIMes-
supported N-(triauromethyl)pyridinium cation (see Chapter 3). The SIMes-supported N-
(triauromethyl)pyridinium cation exhibited net electrophilic reactivity at the carbide carbon, 














1.5 The Contribution of Aurophilic Interactions to Triauration in the Formation of 
Trigold(I) Ketenylidene and N-(triauromethyl)pyridinium Cations. 
In this work, the tendency of gold(I) to hypercoordinate carbon resulted in the 
trigold(I) ketenylidene cation49 and N-(triauromethyl)pyridinium cation under conditions 
that might have resulted instead in digold(I) ketene and digold(I) diazomethane 
respectively (Scheme 1.8). This observation may be attributable to the effects of aurophilic 
interactions. Aurophilic interactions are not essential to the bonding description of either 
compound however, several points of comparison make a compelling case for 
involvement of aurophilic interactions in their formation.  
 
 
Scheme 1.8. Reactions leading to an N-(triauromethyl)pyridinium cation and a trigold(I) 




Aurophilic interactions have been investigated in compounds with Au-Au distances 
mostly ranging from about 2.8-3.5 Å. Aurophilic attractions at longer distances are 
contentious; however, there is some evidence to suggest that energetic contributions 
resulting from long-distance aurophilic interactions may be non-negligible. A particularly 
surprising example of weak aurophilic interaction with a long crystallographic Au-Au 












































































hydroxide {[(IDipp)Au]2OH}BF4.50 The Au-Au separation in this compound falls well outside 
of the sum of van der Waals radii for two gold atoms, yet the Mayer bond order was 
determined to be 0.14 with a calculated energetic contribution of 8.7 kcal/mol.51 In a less 
extreme example, the intermolecular Au-Au distance between monomers in the solid-state 
structure of  (triethylphosphine)gold(I) chloride was crystallographically determined to be 
3.615(2) Å.52 The Au-Au distance was calculated in good agreement with this 
measurement, and the energetic contribution was determined to be 9.5 kcal/mol.53 The 
crystallographic intermolecular Au-Au separation of 3.414(1) Å between [Au(NH3)2]Br 
monomers54 was calculated in good agreement with this measurement, and the energetic 
contribution of the Au-Au interaction was computationally determined to be 9.4 kcal/mol.55 
The intramolecular Au-Au separation in [Au2(p-tc)2(dpppn)] (p-tc = para-thiocresol, dpppn 
= 1,5-bis(diphenylphosphino)pentane) was crystallographically determined to be 3.200(1) 
Å. The energetic contribution of this interaction was determined to be 10 kcal/mol by NMR 
line broadening experiments.56 The intramolecular Au-Au separation in [Au2(µ-
xantphos)2](NO3)2 was crystallographically determined to be 2.858(1) Å. The energetic 
contribution of this interaction was determined to be 11.7 kcal/mol by NMR line broadening 
experiments.57 These data (Table 1.1, Plot 1.1) taken together suggest an estimated 
stabilization resulting from two additional Au-Au interactions in SIMes-supported trigold(I) 
ketenylidene tetrafluoroborate {[(SIMes)Au]3CCO}BF4 (Au1-Au2 3.528(1), Au2-Au3 
3.3878(9), Au3-Au1 3.2904(8)) (see Chapter 2) on the order of ca. 19-20 kcal/mol  
compared with its hypothetical digold(I) ketenide {[(SIMes)Au]2CCO} congener. Similarly, 
these data suggest a stabilization resulting from two additional Au-Au interactions in IDipp-
supported N-(triauromethyl)pyridinium trifluoromethanesulfonate {[(SIMes)Au]3C(NC5H5}-
OTf (Au1-Au2 3.4836(5), Au2-Au3 3.1129(6), Au3-Au4 3.1048(6)) (see Chapter 3) on the 
order of ca. 20-21 kcal/mol compared with its plausible digold(I) diazomethane 
intermediate.  
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Table 1.1. Selected experimentally determined intra- and intermolecular Au-Au interaction 












Figure 1.1. Plot of Au-Au interaction distances and their associated energetic 




1.6 Concluding Remarks 
 The chapters that follow describe the synthesis, characterization, and reactivity of 
low nuclearity NHC-supported gold(I) clusters in pursuit of a trigold(I) carbido cation. 
Chapter 2 describes the synthesis of a trigold(I) ketenylidene cation with an unexpectedly 
strong Au3C-CO bond, and its ketene transfer reactivity. Chapter 3 describes the reactivity 
of NHC-supported gold(I) (trimethylsilyl)diazomethyl complexes to form solvent adducts 




















Compound Au-Au (Å) D (kcal/mol) 
{[(IDipp)Au]2OH}BF4 3.746(1) 49 8.7 50 
(Et3P)AuCl 3.615(2) 52 9.5 52 
[Au(NH3)2]Br 3.414(1) 53 9.4 54 
[Au2(p-tc)2(dpppn)] 3.200(1) 55 10 55 
[Au2(μ-xantphos)2](NO3)2 2.858(1) 56 11.7 56 
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as well as a gold(I) methoxymethyl complex. The pyridine adduct of the trigold(I) carbido 
cation exhibits electrophilic reactivity toward CO to form a trigold(I) ketenylidene cation. 
Finally, trapping experiments are described that suggest the transient formation of a free 
trigold(I) carbido cation in non-coordinating solvents. Chapter 4 describes the auration of 
tetrazole to form an isomeric mixture of 1-auro(tetrazolate) and 2-auro(tetrazolate). 
Addition of a gold(I) triflate to the mixture affords a fluxional cationic N,N'-
diauro(tetrazolate). 1,3-Dipolar cycloaddition of a terminal gold(I) azide with a terminal 
gold(I) cyanide in CD3CN solution was attmpted. Cycloaddition of the gold(I) azide with 
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 Transition metal ketenides and ketenylidenes have been studied as models for 
plausible intermediates in carbon monoxide chemistry1. The first molecular 
trimetalloketenylidene cluster [[(CO)3Co]3CCO]+, a highly electrophilic compound, was 
reported by Seyferth et. al. in 19742-4. Subsequently, Shapley et. al. reported 
[H2Os3(CO)9(µ3-1,2-η1-CCO)] 5-6 and [H2Ru3(CO)9(CCO)]7, and Shriver and coworkers 
studied a series of generally nucleophilic, anionic ketenylidenes,8-13 including one featuring 
a mixed-metal [Fe3Cu] core.14 Several of these complexes display remarkable C–C 
coupling and cleavage reactions.15 Vahrenkamp reported the mixed metal Fe/Co 
ketenylidene (PPN)[Fe2Co(CO)9(µ3-CCO)], as well as the Fe/Au ketenylidene cluster 
[(PPh3Au)2Fe3(CO)9(µ3-CCO)] bearing LAu+ fragments as charge balancing equivalents16. 
Low-valent early metals such as Zr and Hf can convert coordinated CO to a doubly 
bridging ketenide fragment.17-18 Mononuclear ketenylidenes are formed from Ta(III) via 
reductive coupling of CO19 and from W(II), transiently, by reaction with carbon suboxide 
(C3O2).20 In the early 1970’s, Blues et. al. reported the coinage meatal ketenides prepared 
by a general procedure involving deprotonation of ketene H2C=C=O generated in situ from 
a tertiary amine and acetic anhydride, followed by coordination of the terminal carbon with 
2 equivalents of M+ (M = Cu, Ag, Au) to give the sparingly soluble, mildly explosive gold(I) 
ketenide Au2C=C=O, silver(I) ketenide Ag2C=C=O, and copper(I) ketenide Cu2C=C=O 
coordination polymers. In each case, either endogenous acetate or excess tertiary amine 
deprotonate an activated side-on complex of ketene by M+.21-23 
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 These compounds were characterized by infrared spectroscopy, which revealed 
distinctively strong absorbances near 2,000 cm–1 arising from the ketenide. X-ray powder 
diffraction studies on the silver complex indicated a µ4-ketenide in a two-dimensional 
coordination polymer.24 The copper and silver ketenides serve as precatalysts for olefin 
oxidation reactions,25-28 and a surface-bound ketenylidene has been observed in the 
growth of thin copper films from b-diketonates.29 Fürstner et al. have described a neutral 
gold(I) chloride complex of Ph3PCCO, in which the Lewis-basic ylide carbon acts as a 
donor to gold.30 Recently, Yates and coworkers have identified and studied surface-bound 
[Au2CCO] as a reactive intermediate in the aerobic oxidation of acetic acid and related 
species on Au/TiO2 surfaces31-33. In this chapter, the synthesis and structure of a stable 
trigold ketenylidene cation is described. Reaction of this cation with soft Lewis bases leads 
to Au–C bond cleavage. 
 
2.2 Results and Discussion 
Initially the digold(I) ketenide {[(SIMes)Au]2(µ2-CCO) was sought as a precursor to 
the trigold ketenylidene cation {[(SIMes)Au]3(µ3-CCO)}+. Reaction of (SIMes)gold(I) 
acetate [SIMes = 1,3-bis(2,4,6-trimethylphenyl)imidazolin-2-ylidene] with excess acetic 
anhydride and triethylamine, under conditions that generate ketene at equilibrium,34 
afforded a product that precipitated upon addition of diethyl ether to a concentrated 
acetonitrile solution. The infrared spectrum of this product displayed a strong absorbance 
at 2,000 cm–1, which was initially attributed to the doubly bridging ketenide of the expected 
product. The 1H NMR spectrum of the product in CD3CN solution appeared consistent with 
this assignment, except for an additional broad singlet at d 1.88 ppm. This resonance 





Scheme 2.1. Proposed sequence for [Au3CCO]+ formation. 
 
The ESI mass spectrum of the isolated complex displayed a strong parent ion peak 
at m/z = 1549.4, corresponding to the trigold(I) ketenylidene cation {[(SIMes)Au]3(µ3-
CCO)}+. Because the formation of this cation from (SIMes)gold(I) acetate and ketene 
requires liberation of two equivalents of acetic acid plus acetate anion, the isolated product 
was initially formulated as {[(SIMes)Au]3(µ3-CCO)}+ [AcO•2HOAc]– (1a), consistent with 
the 1H NMR signals observed for both SIMes and acetate. The IMes-supported analogue 
of 1a [IMes = 1,3-dimesitylimidazol-2-ylidene] may be similarly prepared, but is 
accompanied by a significant fraction of homoleptic [(IMes)2Au]+,35 which proved 
impractical to remove. Use of the more sterically encumbering IDipp36 [Dipp = 2,6-
diisopropylphenyl] did not give rise to clean product formation. Scheme 2.1 depicts a 
plausible sequence leading to 1a, similar to that invoked for the formation of binary silver 
ketenide [Ag2CCO]n.24 
Complex 1a proved slightly unstable on prolonged standing in the solid form, or in 
the course of repeated manipulations in solution. Reasoning that this instability might arise 
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from the protic and potentially nucleophilic anion, anion exchange was carried out with 
sodium tetrafluoroborate to obtain the stable {[(SIMes)Au]3(µ3-CCO)}+ BF4– (1b). 
 
 
Figure 2.1. Solid-state structure of 1b (50% probability ellipsoids). H atoms, BF4 anion, 
and co-crystallized CH2Cl2 omitted for clarity. Selected interatomic distances (Å) and 
angles (°): C1–C2, 1.318(8); C2–O1, 1.183(7); Au1–C1, 2.062(6); Au2–C1, 2.080(6); 
Au3–C1, 2.075(6); Au1–C2, 2.903(6); Au2–C2, 2.704(6); Au3–C2, 2.733(6); C1–C2–O1, 
178.5(6); Au1–C1–C2, 116.6(4), Au1-Au2 3.528(1), Au1-Au3 3.2904(8), Au2-Au3 
3.3878(9); Au2–C1–C2, 103.2(4); Au3–C1–C2, 105.0(4); C45–Au1–C1, 178.8(2); C3–
Au2–C1, 171.5(2); C24–Au3–C1, 172.5(2). 
 
Careful layering of hexanes onto a solution of 1b in CH2Cl2 afforded crystals 
suitable for X-ray diffraction. The solid-state structure (Figure 2.1) revealed a linear 
ketenylidene moiety bridging three gold centers in a cation distorted from threefold 
symmetry. The plane of the heterocycle bound to Au1 forms a torsion angle of 87.9(5)° 
with respect to the ketenylidene C–C vector, compared to 18.2(5)° and 18.0(5)° for the 
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other two NHC ligands. The Au–C–C angle is significantly larger for Au1 than for Au2 or 
Au3, placing Au1 further from the carbonyl carbon C2, 2.903(6) Å versus 2.704(6) Å for 
Au2 and 2.733(6) Å for Au3. The Au–C1 distances range narrowly from 2.062(5) to 
2.080(6) Å. The Au–CNHC distances are likewise quite similar, ranging from 1.998(5) to 
2.007(5) Å. The shortest Au•••Au distance is just within two van der Waals radii37 at 
3.2904(8) Å, suggestive of a weak aurophilic interaction.38 
In solution, all three SIMes ligands are symmetric and equivalent on the 1H NMR 
timescale, suggesting small energy differences both for distortion from threefold 
symmetry, and for rotation of the NHC about the C–Au bond. Table 1 compares key metrics 
and stretching frequencies for 1b to those of selected transition metal ketenylidenes and 
a ketenide, of the main group ketenylidene Ph3PCCO,39 of the acetylium ion and of ketene 
itself. Although in idealized threefold symmetry the trigold(I) ketenylidene cation is isolobal 
to acetylium,40 the bond metrics and infrared stretching frequency for the ketenylidene are 
closer to those of neutral ketene than of acetylium ion. These data suggest an 
arrangement closer to net double bonds than to a single and a triple bond. 
 
Table 2.1. Key metrics, IR data in ketenylidene-related species. a PF6– counterion; Refs. 
2-3. b [Ph4As]+ salt; Ref. 9. c Ref. 18. d Refs. 39, 41. e Ref. 42. f Derived from microwave rotational 
spectroscopy; Ref. 43. 
 
Compound C–C (Å) C–O (Å) n (cm-1) 
1b (this work) 1.318(8) 1.183(7) 2013 
[(OC)9Co3(CCO)]+ a   2260 













H3CCO+ SbF6– e 1.419(4) 1.108(4) 2302 





Consistent with this interpretation, the carbonyl carbon of the [(LAu)3(µ3-CCO)]+ 
cation showed no electrophilic behavior toward a range of Lewis bases. Treatment with 
sodium azide or sodium trimethylsiloxide, in attempts to produce triaurated acetyl 
derivatives, gave little apparent reaction after several hours as judged by 1H NMR 
spectroscopy. Attempted aza-Wittig reactions44 to form the complexes [(LAu)3(µ3-
CCNR)]+, using N-phenyl or N-benzyliminotriphenylphosphorane, led to some phosphine 
oxide formation as judged by 31P NMR spectroscopy, in addition to a number of yet-
unidentified byproducts. Treatment with a solution of the Tebbe reagent [(h5-C5H5)2Ti(µ-
Cl)(µ-CH2)Al(CH3)2],45 in the hope of forming the allenylidene [(LAu)3(µ3-CCCH2)]+,46-47 
gave complex product mixtures. 
The reaction of 1b with excess sodium borohydride in THF suspension, did not 
lead to C–H bond formation, but led instead to the formation of (SIMes)AuH (2), reflecting 
nucleophilic addition of boron hydrides to gold rather than to carbon. This reaction 
proceeds rather cleanly, with a single set of SIMes resonances in the 1H NMR spectrum, 
and a singlet resonance integrating to one hydrogen for the hydride. Like that of 
(IDipp)AuH,48 the hydride resonance for 2 exhibits large solvent shifts, appearing at d 3.79 
ppm in THF-d8, but d 5.28 ppm in C6D6 solution. The yield was assessed at 88% relative 
to an internal standard (4,4'-dimethylbiphenyl), and a preparative-scale reaction starting 
from 1a afforded the hydride in 81% isolated yield, ruling out the possibility that only one 
or two of the three gold centers is converted to hydride (Scheme 2.2). 
The fate of the ketenylidene fragment in this reaction could not be accounted for 
by IR, 1H or 11B NMR spectroscopy. The reaction between equimolar 1b and NaBH4 would 
afford three (SIMes)AuH plus [HBCCO], not expected to persist in solution. With excess 
borohydride, anionic ketenide-borane adducts or their decomposition products might be 
expected. A reaction was chosen to give both gold–carbon bond cleavage and conversion 
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of the ketenide to a readily identifiable product (Scheme 2.2). The reaction of 1b in CD2Cl2 
solution with a mixture of thiophenol and sodium thiophenolate resulted in the clean 
formation of three equivalents of (SIMes)AuSPh and one equivalent of S-phenyl 
thioacetate49 as judged by 1H NMR spectroscopy. The identity of the thioacetate ester was 




Scheme 2.2. Reactions of [(LAu)3CCO]BF4 with Lewis Bases. 
 
2.3 Conclusion 
In summary, the reaction of an (NHC)gold(I) acetate with ketene and base leads 
directly to a trigold ketenylidene cation, rather than to neutral monogold ketenyl or digold 
ketenide. Paired with a suitable anion, this cation is stable, permitting spectroscopic and 
structural characterization. Reaction with soft Lewis bases leads to facile gold–carbon 
bond cleavage and, in the case of a protic substrate, to conversion of the ketenylidene 








































2.4.1 General Considerations 
Unless otherwise indicated, manipulations were performed in an MBraun glovebox 
under nitrogen atmosphere, or using standard Schlenk techniques under argon 
atmosphere. Glassware was dried in a ventilated oven at 160 °C and allowed to cool under 
vacuum. Molecular sieves (Alfa Aesar) and Celite (EMD 545) were dried under vacuum 
for at least twelve hours at 160°C. Dichloromethane (EMD Millipore Omnisolv), hexanes 
EMD Millipore Omnisolv), diethyl ether (EMD Millipore Omnisolv), and tetrahydrofuran 
(EMD Millipore Omnisolv) were sparged with ultra-high purity argon for 30 minutes and 
dried using an MBraun solvent purification system, then transferred to resealable Straus 
flasks and taken into the glove box where they were stored over 3Å molecular sieves. 
Acetonitrile (EMD HPLC) was stirred over calcium hydride (Alfa Aesar) in a sealed flask 
for at least twelve hours and degassed by several freeze-pump-thaw cycles, then vacuum-
transferred to a resealable Straus flask and taken into the glove box, where it was stored 
over 3Å molecular sieves. Methanol (BDH), acetone (BDH), and hexanes used in 
benchtop work (BDH) were used as received. 
Benzene-d6 and THF-d8 (Cambridge Isotope Laboratories) were dried over sodium 
benzophenone ketyl, degassed by several freeze-pump-thaw cycles, and vacuum-
transferred into oven-dried resealable flasks. Dichloromethane-d2 and acetonitrile-d3 
(Cambridge Isotope Laboratories) were dried over calcium hydride for at least twelve 
hours, degassed by several freeze-pump-thaw cycles, and vacuum-transferred into oven-
dried resealable flasks.  
Tetrachloroauric acid (Strem), dimethyl sulfide (Alfa Aesar), potassium carbonate 
(Alfa Aesar), silver acetate (Sigma-Aldrich), 2,4,6-trimethylaniline (Alfa Aesar), acetic 
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anhydride (Sigma Aldrich), triethylamine (J.T. Baker), sodium metal (Alfa Aesar), 
benzophenone (Alfa Aesar), 1,2-dichloroethane (EMD Millipore Omnisolv), 1,4-
dimethoxybenzene (Alfa Aesar), nitrogen (NexAir), and argon (both industrial and ultra-
high purity grades, NexAir) were used as received. N,N'-Bis(2,4,6-
trimethylphenyl)imidazolium chloride,50 N,N'-bis(2,4,6-trimethylphenyl)imidazolinium 
chloride,51 (IMes)AuCl,52 and (SIMes)AuCl52 were prepared according to literature protocol 
and were characterized by 1H NMR spectroscopy.  
 
2.4.2 Analytical Measurements 
 1H and 13C spectra were obtained using a Varian Vx 400 MHz spectrometer. 1H 
and 13C NMR chemical shifts are referenced with respect to solvent signals and reported 
relative to tetramethylsilane. Infrared spectra were collected from neat solid samples using 
a Bruker Alpha-P infrared spectrometer equipped with an attenuated total reflection (ATR) 
attachment. Samples were exposed to air as briefly as possible prior to data collection. 
Elemental analyses were performed by Atlantic Microlab, Inc. in Norcross, Georgia. 
 
2.4.3 Synthetic Procedures 
 
2.4.3.1 (SIMes)AuOAc 
 (SIMes)AuCl (0.300 g, 0.557 mmol) was combined with silver acetate (0.139 g, 
0.833 mmol) in a 20-mL scintillation vial. Dichloromethane (15 mL) was added and the 
suspension was stirred in the dark for 29 hours. The mixture was then filtered through a 
plug of Celite and evaporated in vacuo to afford the title complex as a white solid (0.310 
g, 99%). 1H NMR (400 MHz, CD3CN): d (ppm) 7.03 (s, 4H, CHAr), 4.03 (s, 4H, NCH2), 2.32 
(s, 12, ortho-CH3), 2.31 (s, 6H, para-CH3), 1.58 (s, 3H, OC(O)CH3). 13C{1H} NMR (100 
MHz,CDCl3): d (ppm) 189.00 (NCAu), 175.76 (OC(O)CH3), 139.84 (CAr), 137.03 (CAr), 
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136.16 (CAr), 136.16 (CAr), 130.36 (CAr), 51.52 (NCH2), 23.76 (OC(O)CH3), 21.16 
(CH3),18.20 (CH3. IR: n(cm–1) 1629, 1497, 1440, 1357, 1307, 1273, 1032, 1008, 854, 681, 
625, 575. Anal. Calcd for C23H29N2O2Au: C, 49.11; H, 5.20; N, 4.98. Found C, 48.84; H, 
5.14; N, 4.96. 
 
 






















Figure 2.3. 13C NMR spectrum of (SIMes)AuOAc in CD3CN. 
 
2.4.3.2 {[(SIMes)Au]3(µ3-CCO)}+ [AcO•2HOAc]– 
(SIMes)AuOAc (0.106 g, 0.187 mmol) was dissolved in acetonitrile (2 mL) in a 10-
mL Schlenk flask. Triethylamine (0.52 mL, 3.7 mmol) was added by syringe, and the 
reaction mixture was stirred for ten minutes. Acetic anhydride (0.18 mL, 1.9 mmol) was 
then added by syringe. The flask was covered in aluminum foil to exclude light, and stirring 
was continued for 16 hours. Volatiles were then removed in vacuo to give an oily residue. 
The flask was brought into the glovebox, the residue was dissolved in minimal acetonitrile 
(less than 1 mL), and the product was precipitated as a white solid by addition of cold 
diethyl ether. The precipitate was collected by vacuum filtration and washed with a small 
quantity of cold diethyl ether. Drying under vacuum afforded the title complex (0.108 g, 

















































2.35 (s, 18H, para-CH3), 2.19 (s, 36H, ortho-CH3), 1.88 (s, 9H, OC(O)CH3). 13C{1H} NMR 
(100 MHz, CD3CN): d (ppm) 203.8 (NCAu), 175.1 (OC(O)CH3), 158.1 (CCO), 139.3 (CAr), 
136.6 (CAr), 136.0 (CAr), 130.3 (CAr), 51.57 (NCH2), 22.97 (OC(O)CH3), 21.32 (CH3),18.33 
(CH3), 5.09 (CCO). IR: n (cm–1) 2000, 1491, 1439, 1373, 1304, 1269, 1180, 1028, 849, 
573. Anal. Calcd for C71H89N6O7Au3: C, 49.31; H, 5.19; N, 4.86. Found C, 48.63; H, 5.20; 
N, 4.91.  
 Note: We have not obtained a satisfactory analysis for the above compound; 




Figure 2.4. 1H NMR spectrum of 1a in CD3CN solution. Asterisks denote residual 




Figure 2.5. 13C NMR spectrum of 1a in CD3CN solution. 
 






































































2.4.3.3 {[(SIMes)Au]3(µ3-CCO)}+ [BF4]– (1b) 
 {[(SIMes)Au]3(µ3-CCO)}+ [AcO•2HOAc]– (0.451 g, 0.261 mmol) was combined with 
sodium tetrafluoroborate (0.100 g, 0.91 mmol) in a 250-mL round bottom flask. THF (125 
mL) was added and the suspension was stirred for 16 hours in the dark.  The reaction 
mixture was then filtered twice through a plug of Celite into a 500-mL Schlenk flask, and 
the solvent was evaporated in vacuo. The resulting off-white solid was suspended in THF 
(ca. 4 mL)  and a minimal volume of CH2Cl2 was added to achieve dissolution. The product 
was precipitated by addition of cold hexanes, collected by vacuum filtration and dried in 
vacuo to afford the title complex as a white solid (0.458 g, 89%). 1H NMR (400 MHz, 
CD2Cl2): d (ppm) 6.88 (s, 12H, meta-CH), 3.84 (s, 12H, NCH2), 2.31 (s, 18H, para-CH3), 
2.12 (s, 36H, ortho-CH3). 13C{1H} NMR (100 MHz, CD2Cl2): d (ppm) 204.8 (NCAu), 158.2 
(CCO), 138.6 (CAr), 136.0 (CAr), 136.0 (CAr), 135.4 (CAr), 51.35 (NCH2)), 21.42 (CH3), 18.34 
(CH3), 4.04 (CCO). IR: n (cm–1) 2912, 2013, 1608, 1489, 1452, 1373, 1317, 1267, 1028, 
852, 577. ESI-MS(+): 1549.4 [M+]. Anal. Calcd for C65H78Au3BF4N6O: C, 47.69; H, 4.80; 












































































Figure 2.9. IR spectrum of {[(SIMes)Au]3(µ3-CCO)}+ [BF4]–. 
 
2.4.3.4 (SIMes)AuH  
 Method A. {[(SIMes)Au]3(µ3-CCO)}+ [AcO•2HOAc]– in CD3CN. (0.299 g, 0.174 
mmol) and NaBH4 (0.029 g, 0.264 mmol) were combined in a 20-mL scintillation vial. THF 
(15 mL) was added and the suspension was stirred overnight. The reaction mixture was 
filtered through Celite to give a clear colorless solution. The solvent was evaporated in 
vacuo to give a white solid (0.212 g, 81%). 1H NMR (400 MHz, THF-d8): d (ppm) 6.72 (s, 
4H, meta-CH), 5.28 (s, 1H, Au-H), 2.99 (s, 4H, NCH2), 2.20 (s, 12H, ortho-CH3), 2.08 (s, 
6H, ortho-CH3). 13C{1H} NMR (100 MHz, THF-d8): d (ppm) 222.5 (NCAu), 138.6 (CAr), 
136.8 (CAr), 130.2 (CAr), 129.2 (CAr), 51.80 (NCH2), 21.35 (CH3), 18.45 (CH3). IR: n (cm–1) 
2915, 1991, 1488, 1452, 1375, 1265, 1017, 851, 636, 576, 504, 487. Anal. Calcd for 
C21H27AuN2: C, 50.01; H, 5.40; N, 5.55. Found C, 50.00; H, 5.48; N, 5.45. 
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 Method B. {[(SIMes)Au]3(µ3-CCO)}+ [BF4]– (0.015 g, 9.1 μmol) and NaBH4 (0.025 
g, 0.66 mmol) were combined in a 20-mL scintillation vial. THF-d8 (1 mL) was added and 
the vial was capped and sealed with Parafilm. The vial was taken outside of the glove box 
and sonicated for 4.5 hours, resulting in a yellow solution. The vial was brought back into 
the glovebox, opened, and a solution of 4,4'-dimethylbiphenyl (0.010 g, 0.055 mmol) in 
THF-d8 (0.5 mL) was added as internal standard. The yield of gold hydride, as determined 
by integration of its 1H NMR signals relative to those of 4,4'-dimethylbiphenyl, was 88%. 
 
 


























Figure 2.11. 1HNMR spectrum of (SIMes)AuH in THF-d8. 
 
2.4.3.5 (SIMes)AuSPh 
 Method A. (SIMes)AuCl (0.100 g, 0.19 mmol) and K2CO3 (0.060 g, 0.43 mmol) 
were combined in a 20-mL scintillation vial. Acetone (15 mL) and thiophenol (0.019 mL, 
0.19 mmol) and the reaction mixture was stirred and heated to 60°C for 15 hours. The 
solvent was removed in vacuo and the residue was dissolved again in DCM and filtered 
through Celite. The resulting clear, colorless solution was concentrated in vacuo to less 
than 1 mL. The product was precipitated by addition of hexanes and collected by vacuum 
filtration, affording the title complex as a white solid (0.116 g, 100%). 1H NMR (400 MHz, 
CD2Cl2): d (ppm) 7.03 (s, 4H, meta-CH), 6.76 (m, SC6H5), 4.01 (s, 4H, NCH2), 2.37 (s, 
12H, ortho-CH3), 2.35 (s, 6H, ortho-CH3). 13C{1H} NMR (100 MHz, CD2Cl2): d (ppm) 204.85 
(NCAu), 144.43 (CAr), 139.26 (CAr), 136.47 (CAr), 135.39 (CAr), 131.76 (CAr), 129.98 (CAr), 












































1578, 1495, 1470, 1457, 1376, 1321, 1181, 1086, 1024, 858, 736, 690, 613, 572, 479. 
Anal. Calcd for C27H31AuN2S: C, 52.94; H, 5.10; N, 4.57. Found C, 52.45; H, 5.01; N, 4.56. 
 Method B. {[(SIMes)Au]3(µ3-CCO)}+ [BF4]– (0.025 g, 0.015 mmol) was combined 
with 1,4-dimethoxybenzene (2.4 mg, 0.017 mmol) as an integration standard in a 20-mL 
scintillation vial. The solids were dissolved in CD2Cl2 (1.2 mL) and combined with 
thiophenol (5.0 μL, 0.049 mmol) and finely divided sodium thiophenolate (3 mg, 0.02 
mmol). The vial was capped and sonicated for 15 minutes, then left to stand for 1.5 h. The 
1H NMR spectrum was acquired, and integration relative to 1,4-dimethoxybenzene 
indicated quantitative formation of both S-phenyl thioacetate and (SIMes)AuSPh. Volatiles 
were separated from the reaction mixture by vacuum transfer and the formation of S-
phenyl thioacetate was confirmed by GC-MS: 152 [M+]. 
 
 





















Figure 2.13. 13C NMR spectrum of (SIMes)AuSPh in CD2Cl2. 
 
2.4.4 X-Ray Diffraction Studies 
 Careful layering of hexanes onto a solution of 1b in CH2Cl2 afforded crystals 
suitable for X-ray diffraction. A colourless prism-shaped crystal with dimensions 0.54 mm 
× 0.29 mm × 0.25 mm was mounted on a loop with Paratone oil. Data were collected using 
a Bruker APEX-II CCD diffractometer equipped with an Oxford Cryosystems low-
temperature apparatus operating at T = 110(2) K. 
 Data were measured using f and w  scans of 0.50° per frame for 20.00 s using 
MoKa radiation (fine-focus sealed tube, 45 kV, 35 mA). The total number of runs and 
images was based on the strategy calculation from the program APEX2.53 The achieved 
resolution was Q = 29.131°. 
Cell parameters were retrieved using the SAINT (Bruker, V8.34A, 2013) software54 

































































performed using the SAINT (Bruker, V8.34A, 2013) software which corrects for Lorentz 
polarization. The final completeness is 99.50 out to 29.131 in Q. The absorption coefficient 
(µ) of this material is 5.948 mm-1 and the minimum and maximum transmissions are 
0.4393 and 0.7460. 
 The structure was solved in the space group C2/c (# 15) by Direct Methods using 
the ShelXS-9754 structure solution program and refined by Least Squares using version 
of ShelXL-97.55-56 All non-hydrogen atoms were refined anisotropically. Hydrogen atom 
positions were calculated geometrically and refined using the riding model.  
Crystal Data. C68H84Au3BCl6F4N6O, Mr = 1891.82, monoclinic, C2/c (No. 15), a = 
26.3296 Å, b = 16.6923 Å, c = 35.211 Å, b = 94.1020(10)°, a = g  = 90°, V = 
15435.6(17) Å3, T = 110(2) K, Z = 8, Z' = 1, µ(MoKa) = 5.948 mm-1, 85573 reflections 
measured, 20690 unique (Rint = 0.0500) which were used in all calculations. The final wR2 
was 0.1139 (all data) and R1 was 0.0465 (I > 2(I)). 
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CHAPTER 3 




Surface-bound transition metal carbides are intermediates in Fischer-Tropsch 
synthesis.1,2 Molecular transition metal carbide clusters have been studied as models of 
these intermediates.3,4,5 Early reported molecular transition metal carbides were high 
nuclearity clusters composed of six or more metal atoms supported by carbonyl ligands. 
These compounds exhibited low reactivity at the carbide carbon due to shielding by the 
metal framework.6 In an effort to increase reactivity at the bridging carbide carbon, lower 
nuclearity carbide clusters were sought. Terminal mononuclear carbides,7,8 linear 
dinuclear carbides9-13 and tetranuclear carbides have been well studied;14-16 however, 
trigonal planar µ3-carbide clusters are rare.17 Known planar trinuclear carbide clusters 
include a [Ru2PtC] carbide, and a series of [Ru2MC] (M = Cu, Ag, Au) carbides prepared 
from a bent singlet-carbene-like diruthenium carbide precursor described by 
Matsuzaka.5,18,19 In another example, Willis reports a cyclic tetramer containing four planar 
µ3-carbides with the formula [(Tp*)(OC)2WAuC]4. This species functions as an intermediate 
in carbide transfer from tin to palladium.20 Popov described a µ3-carbide with a [Lu2TiC]6+ 
core, which was stabilized by encapsulation in a fullerene cage.21  
Adducts of µ3-carbide clusters demonstrating both nucleophilic and electrophilic 
carbide-like behavior have been studied. The trinuclear carbonyl-supported iron 
ketenylidene dianion [Fe3(CO)9(CCO)]2- exhibits nucleophilic carbide-like reactivity, 
forming the corresponding µ3-methylidyne and µ3-ethylidyne clusters by reaction with 
acetic acid and methyl triflate respectively2. The trinuclear osmium cluster bridged by the 
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diazo(methylidyne) ligand exhibits electrophilic carbide-like reactivity with CO to form the 
corresponding µ3-ketenylidene cluster.23  
The search for a reactive planar trigold(I) carbido cation {[(L)Au]3C}+ bearing the 
C2- bridging ligand has been elusive, whereas higher nuclearity gold(I) carbides bearing 
the C4- bridging ligand were previously prepared quite serendipitously. These closed shell 
tetra-, penta-, and hexagold(I) carbides24-27 exemplify the tendency of LAu+ to aggregate 
about bridging main group elements to form hypercoordinate clusters due to aurophilic 
interactions.28 Schmidbaur et. al. reported many examples of hypercoordinate gold(I) 
carbides, which resulted under reaction conditions that one could readily expect to give 
lower nuclearity species. For example, when two equivalents of (Ph3P)AuCl were 
combined with a single equivalent of trimethylsilylmethylene(triphenylphosphonium)ylide 
H(Me3Si)C=PPh3, followed by addition of excess CsF, the tri- rather than diaurated product 
resulted, [(Me3P)C[Au(PPh3)]3]Cl.29 In another example, when four equivalents of 
(Ph3P)AuCl  were combined with a single equivalent of C[B(OMe)2]4 and excess CsF, the 
hexa- rather than tetraaurated species resulted, [(C[Au(PPh3)]6]2+.24 Similarly, when two 
equivalents of (Ph3P)AuCl  were combined with a single equivalent of  H2C[B(OMe)2]2 and 
excess CsF, the penta- rather than diaurated species resulted, C[Au(PPh3)]5]+.27 In the 
latter case, the tendency LAu+ to hypercoordinate carbon31,32 due to  aurophililic 
attractions28,32-42 was counteracted by employing phosphines with increasingly large cone 
angles, resulting in decreased cluster nuclearity from six to five, and finally to four. This 
approach resulted in the neutral tris(o-tolyl)phosphine-supported tetragold(I) carbide {[(o-
tolyl)3P]Au}4C.25 Intriguingly, the reaction of excess trimethylsilyl(diazomethane) with the 
triphenylphosphine-supported trigold(I) oxonium salt [[(Ph3P)Au]3O]BF4 in the presence of 
triethylamine, seemingly poised to produce an open shell phosphine-supported trigold(I) 
carbido cation, instead formed the hexagold(I) carbido dication [(C[Au(PPh3)]6]2+ in 64% 
yield.26 Interestingly, the authors do not point out that the balanced reaction requires a 
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two-electron transfer to reduce the bridging carbide carbon originating from 
trimethylsilyl(diazomethane) to the formal 4- oxidation state. There was also no mention 
of the effects of more sterically demanding supporting ligands on the outcome of the 
reaction, nor of an attempt to access the trigold(I) carbido cation by a more stepwise 
substitution of trimethylsilyl(diazomethane) by LAu+. Finally, there was no mention of an 
attempt to access the species in a manner analogous to the preparation of the 
(triauromethyl)phosphonium chloride salt {(Me3P)C[Au(PPh3)]3}Cl.29 
I envisaged that stepwise reaction of monoaurated (trimethylsilyl)diazomethane 
(NHC)Au[C(N2)SiMe3]43 (Scheme 3.1) with suitable gold precursors would produce a 
cationic trigold(I) carbide with a [Au3C]+ core. In this work, such a species was stabilized 
as its pyridine adduct, the SIMes-supported  N-(triauromethyl)pyridinium cation 
{[(SIMes)Au]3C(Py)}+ (6). This compound is isolobal with {[(o-tol)3PAu]3B(PCy3)}44, 
{[(Me2N)3PAu]3NP(NMe2)3}2+,45 and [(Me3P)C[Au(PPh3)]3]+.29 Like [(Me3P)C[Au(PPh3)]3]+, 
6 is a rare example of a trigold(I) cluster bridged by a central carbon. The  N-
(triauromethyl)pyridinium cation exhibits electrophilic carbide-like reactivity with CO to 
form trigold(I) ketenylidene cation (Figure 3.6),46 while reaction with stronger nucleophiles 
results in deauration, including facile hydrolysis in air to give the N-
(diauromethyl)pyridinium cation and bridged digold(I) hydroxide cation (Scheme 3.5). A 
series of trapping experiments are described that provide support for the generation of a 
transient trigold(I) carbido cation {[(SIMesAu)]3C}+. Other relevant species resulting from 
this work include an NHC-supported N-[diauro(trimethylsilyl)methyl]pyridinium cation, N-
[diauro(trimethylsilyl)methyl]acetonitrilium cation, N-(diauromethyl)pyridinium cation, and 







3.2 Results and Discussion 
Initial efforts to prepare the IDipp-supported trigold(I) carbido cation (IDipp = 1,3-
bis(2,6-diisopropylphenyl)imidazol-2-ylidene) involved sequential installation of (IDipp)Au+ 
at the diazo carbon of trimethylsilyl(diazomethane) via a series of three auration steps 
concomitant with deprotonation, dediazoniation, and desilylation. The first of these steps, 
deprotonation/auration, resulted in the IDipp-supported gold(I) trimethylsilyl(diazo-
methane) complex (IDipp)Au[C(N2)SiMe3] (2) (Figure 3.6). This was accomplished by 
combining six equivalents of trimethylsilyl(diazomethane) in hexanes solution with the 
gold(I) tert-pentyloxide (IDipp)Au(Ot-Pent),43 or with the gold(I) diisopropylamide 
(IDipp)AuN(i-Pr)247  (Scheme 3.1) in THF solution. The gold(I) diisopropylamide was 
preferable for generation of the IDipp-supported complex due to reduced reaction times 
and improved reliability. The IR spectrum of 2 reveals a strong vibrational mode at 1985 
cm-1 corresponding to the diazo group (Figure 3.6). The less sterically encumbered SIMes-
supported (SIMes = 1,3-bis(2,4,6-trimethylphenyl)imidazolidin-2-ylidene) analogue 
(SIMes)Au[C(N2)SiMe3] (3) was prepared analogously from the SIMes-supported gold(I) 
tert-pentyloxide (SIMes)Au(Ot-Pent) (Scheme 3.1). The IR spectrum of 3 revealed a 
strong vibrational mode at 1981 cm-1 corresponding to its diazo group (Figure 3.11). The 
SIMes-analogue was found to be more reactive with respect to light and moisture 
compared with the IDipp-analogue.  In both cases, the pure yellow compounds were 




Scheme 3.1 Synthesis of gold(I) (trimethylsilyl)diazomethyl complexes 2-3. 
 
Synthesis of the IDipp-supported digold(I) trimethylsilylmethylidyne cation 
{[(IDipp)Au]2C(SiMe3)}+ was attempted by installation of a second (IDipp)Au+ fragment at 
the diazo carbon of 2 via electrophilic dediazoniation with IDipp-supported gold(I) 
trifluoromethanesulfonate (IDipp)Au(OTf) (OTf = trifluoromethanesulfonate)43 (Scheme 
3.2). When this reaction was carried out in CD3CN solution at -41oC, the product mixture 
concentrated in vacuo,  and the residue dissolved in CH3CN, analysis of the product 
mixture by ESI-MS revealed several ions of interest (Figure 3.13). These ions included the 
CH3CN adduct, not the CD3CN adduct, of the digold(I) (trimethylsilyl)methylidyne cation 
{(IDipp)Au]2C(SiMe3)(MeCN)}+ (m/z = 1296.6), indicating lability of the coordinated solvent 
molecule. A peak at m/z = 1255.6 was initially assigned to the free digold(I) 
(trimethylsilyl)methylidyne cation {(IDipp)Au]2C(SiMe3)}+; however, this peak was 
subsequently reassigned as the protodesilylated 1,3-dipolar cycloaddition product of 2 and 
[(IDipp)Au(CD3CN)]OTf, the IDipp-supported diauro(methyltriazolium)-d3 cation (m/z = 
1255.6) (Scheme 3.2). In support of this assignment,  the corresponding silylated species, 
IDipp-supported diauro[trimethylsilyl(methyltriazolium)]-d3 cation (m/z = 1327.7), was also 
detected. The 1,3-dipolar cycloaddition of 2 with [(IDipp)Au(CD3CN)]OTf is analogous to 
reaction of electron-rich lithiated (trimethylsilyl)diazomethane LiC(N2)SiMe3 with various 























2 (Aryl = IDipp)
3 (Aryl = SIMes)
(a) Aryl = Dipp; X = (i-Pr)2N-, t-PentO-
(b) Aryl = Mes; X = t-PentO-
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Scheme 3.2. Reaction of 2 with (IDipp)Au(OTf) in CD3CN. 
 
Other side products were detected including bridged digold(I) hydride cation 
{[(IDipp)Au]2H}+ (m/z = 1171.5),43 and the linearly bridged digold(I) cyanide cation 
{[(IDipp)Au]2(CN)}+  (m/z = 1196.5) (Figure 3.13), but the major product of the reaction 
was determined to be {(IDipp)Au]2C(SiMe3)(MeCN)}OTf (4) as judged by 1H NMR (Figure 
3.12). The trimethylsilyl resonance of this species appears at d –0.66 ppm and the 
coordinated acetonitrile resonance appears at d 1.96 ppm, distinct from that of free 
acetonitrile when both are present. Two sets of IDipp resonances corresponding to this 
compound integrate in a 1:1 ratio, apparently arising from symmetry-breaking between the 
IDippAu fragments due to restricted rotation about the Au-C bond. This species was 
unstable when dissolved in CD2Cl2 or THF-d8, possibly resulting from dissociation of 
acetonitrile in non-coordinating or weakly coordinating solvents. The additional minor 
trimethylsilyl resonance detected at d -0.13 ppm in the 1H NMR spectrum may be assigned 
to the IDipp-supported diauro[trimethylsilyl(methyltriazolium)-d3] cation. Optimization of 





































































































during the reaction, however, they were not completely eliminated. Isolation of 4 from the 
remaining byproducts was unsuccessful; however, single crystals of the linearly bridged 
digold(I) cyanide byproduct were isolated as the trifluoromethanesulfonate salt 
[(IDipp)Au(CN)Au(IDipp)]OTf by fractional crystallization, and the compound was 
structurally characterized (Figure 3.1). The Au1-N1-C1 and Au2-C1-N1 angles measured 
177(1)° and 178(1)°, respectively. The bridging cyanide C-N bond distance measured 
1.15(1) Å, identical to the C-N bond distance reported for potassium cyanide of 1.15 Å.49 
The digold(I) cyanide species also resulted when experiments were performed excluding 
nitrile solvents, suggesting that the cyanide fragment originates from the 
trimethylsilyl(diazomethane) moiety rather than from acetonitrile.  
 
 
Figure 3.1. Solid state structure of [(SIMes)Au(CN)Au(SIMes)]OTf (50% probability 
ellipsoids). H atoms, trifluoromethanesulfonate anion, and cocrystallized benzene omitted 
for clarity. Selected interatomic distances (Å) and angles (deg): Au1-C29, 1.962(8); Au1-
C1, 1.965(8); C1-N1A, 1.15(1); Au2-N1A, 1.990(8); Au2-C2, 1.984(8); C2-Au2-N1A, 
176.2(5); Au2-N1A-C1A, 178(1); N1A-C1A-Au1, 177(1); C1A-Au1-C29 177.9(5). 
 
Installation of a third (IDipp)Au+ fragment at the bridging carbon of 4 through 
nucleophilic desilylation by (IDipp)Au(X) (X = F-, CH3COO-, (CH3)3SiO-) in acetonitrile 
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solution was envisaged to produce the trigold(I) carbido cation, its acetonitrile adduct, or 
an equilibrium mixture of the two species. These reactions did not proceed as desired. For 
example, while reaction of 4 with (IDipp)AuF did result in the formation of Me3SiF as 
evidenced by 1H NMR, the reaction was slow and produced multiple (IDipp)Au-containing 
products. Sluggish reactivity was attributed in part to the steric bulk of the IDipp supporting 
ligands, which may prevent the pyramidal arrangement of three IDippAu fragments about 
a centrally bridging carbon. As a result all subsequent experiments were performed using 
gold precursors supported by SIMes. 
The above results prompted exploration of another route to the trigold(I) carbido 
cation. According to a previous report by Blues et. al., the reaction of simple silver salts 
(ie., silver acetate) with diazomethane afforded an explosive disilver(I) diazomethane 
coordination polymer with the formula [Ag2CN2]n.50 Silver cyanide species were detected 
as byproducts of reactions conducted in standard aprotic solvents. For reactions 
conducted in pyridine, however, cyanide formation was suppressed. I reasoned that 
pyridine might also suppress the formation of gold cyanide species during the formation 
of SIMes-supported digold(I) diazomethane [(SIMesAu)2CN2], analogous to the main 
group dimetallodiazomethanes of Ge, Sn, Pb, Sb, and Hg.51-56 When pyridine solutions of 
3 and (SIMes)AuF (5)57,58 were cooled to -35oC and combined, an immediate color change 
to deep magenta resulted. The reaction was allowed to proceed for 2.5 hours at low 
temperature. Volatiles were then removed in vacuo followed by recrystallization of the 
residue from THF/hexanes to give an air-sensitive magenta powder. Interestingly, 
bifluoride anion was detected by 1H NMR spectroscopy, from the triplet resonance at d 
16.3 ppm in CD3CN, and by IR spectroscopy with vibrational modes at 1924 cm-1 and 
2002 cm-1. The presence of bifluoride indicated the formation of a salt and suggested 2:1 
reactivity between (SIMes)AuF and 3. The 1H NMR also revealed resonances attributed 
to a bound pyridine, including a doublet at d 7.44 ppm, and two triplets at d 6.48 ppm and 
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d 5.99 ppm integrating to 2H, 1H, and 2H by comparison to three SIMes ligands. Crystals 
of the magenta compound suitable for X-ray diffraction were grown by carefully layering a 
DCM solution of the magenta solid with hexanes at -35oC. X-Ray diffraction 
measurements revealed the formation of the SIMes-supported N-(triauromethyl)-
pyridinium cation as the bifluoride salt [(SIMesAu)3C(Py)]HF2 (6a) (Scheme 3.3). 
Significant quantities of byproducts always accompanied the formation of 6a, possibly as 
a result of the reactive bifluoride anion, the formation of which was attributed to reaction 
of generated fluoride anions with protons at the surface of the glass reaction vessel. The 
IDipp analogue was not successfully generated under these conditions, which was 
attributed to the greater steric bulk of IDipp compared with SIMes. 
 
 
Scheme 3.3 Synthesis of [(SIMesAu)3C(Py)]HF2.  
 
The solid state structure of 6a (Figure 3.2) reveals a pseudo-tetrahedral carbon 
center with significant distortion from local ideal symmetry. The plane of the NHC 
heterocycles bound to Au1, Au2, and Au3 make a torsion angle of 51.3(9)°, 1.0(9)°, 
37.4(9)° with respect to the C-N vector created by the bond between the bound pyridine 
and the triply bridging carbon, resulting in a propeller-shaped arrangement. The Au-C1-
N5 angles are 111.3(5)°, 117.2(6)°, and 113.1(5)° for Au1, Au2, and Au3. These angles 

































and Au2-C1-Au3; however, the Au1-C1-Au2 angle of 116.2(4)° compares similarly with 
the Au-C-N angles of the pseudo-tetrahedron. The contracted Au2-Au3 and Au3-Au1 
distances are 3.1129(6) Å and 3.1048(6) Å, much shorter than the Au2-Au1 distance of 
3.4836(5) Å, placing the shorter two of the three distances within two van der Waals radii 
of each other. The Au-C1 distances range narrowly from 2.049(8) Å to 2.058(9) Å. The 
Au-CNHC distances are likewise quite similar, ranging from 2.012(9) Å to 2.03(1) Å. 
Interestingly, the C-N distance between the triply bridging carbon and the pyridine nitrogen 
of 1.45(1) Å compares similarly with the C-N distance in N-methylpyridinium 
tetraphenylborate of 1.473(3) Å.59 
 
 
Figure 3.2. Solid state structure of 6a (50% probability ellipsoids). H atoms, HF2- anion 
are omitted for clarity. Selected interatomic distances (Å) and angles (deg): Au2-Au3, 
3.1129(6); Au3-Au1, 3.1048(6); Au2-Au1, 3.4836(5); Au1-C1, 2.055(8); Au3-C1, 2.058(9); 
Au2-C1, 2.049(8); Au1-C49, 2.012(9); Au2-C2, 2.018(8); Au3-C23, 2.03(1); C1-N5, 
1.45(1); Au1-C1-N5, 111.3(5); Au2-C1-N5, 117.2(6); Au3-C1-N5, 113.1(5); Au1-C1-Au3, 




To prepare the N-(triauromethyl)pyridinium  cation as the salt of the more inert 
trifluoromethanesulfonate anion, a pyridine solution of 3 was combined with a pyridine 
solution of 5 and [(SIMes)Au(Py)]OTf60 (7) at -35oC, conditions analogous to those 
employed in the preparation of the bilfuoride salt. The resulting reaction mixture was 
worked up as before to give the analytically pure compound {[(SIMes)Au]3C(Py)}OTf (6b) 
(Scheme 3.4). The 1H NMR reveals that all three SIMes ligands are equivalent on the 
NMR time scale (Figure 3.18).  
 
 
Scheme 3.4 Synthesis of {[(SIMes)Au]3C(Py)}OTf (6b). 
 
Like the bifluoride salt, 6b  is air sensitive in both solution and solid state, changing 
from magenta to yellow upon exposure to air. ESI-MS of the resulting yellow product 
mixture indicated hydrolysis of the N-(triauromethyl)pyridinium cation to give bridged 
digold(I) hydroxide cation {[(SIMes)Au]2OH}+ (m/z = 1024.5) and the N-
(diauromethyl)pyridinium cation {[(SIMes)Au]2CH(Py)}+ (m/z = 1099.5) (Scheme 3.5). The 
N-(diauromethyl)pyridinium cation {[(SIMes)Au]2CH(Py)}+ was independently prepared as 
the acetate salt by addition of a pyridine solution of (SIMes)Au(OAc) dropwise to one 
equivalent of 3 in THF at -41°C over the course of 30 minutes (Scheme 3.6). Solvent was 
removed from the reaction mixture in vacuo, and the residue was recrystallized from THF 






































{[(SIMes)Au]2CH(Py)}OAc reveals two sets of SIMes-derived resonances apparently 
arising from restricted rotation of the ligands about the Au-CNHC vector. A resonance 
corresponding to the proton of the bridging carbon appears at d 5.02 ppm (Figure 3.26). 
 
 
Scheme 3.5 Hydrolysis of {[(SIMes)Au]3C(Py)}+. 
 
 
Scheme 3.6. Proposed sequence of {[(SIMes)Au]2CH(Py)}OTf formation. 
 
When a DCM-d2 solution of 6b containing 4,4’-dimethylbiphenyl as an internal 
standard was placed under 2 atmospheres of carbon monoxide, exchange with pyridine 





























































































Chapter 2) as the trifluoromethanesulfonate salt {[(SIMes)Au]3(µ3-CCO)]OTf in 85% NMR 
yield (Figure 3.20) after five hours (Scheme 3.7).  
Addition of  trimethylphosphite to 6b in DCM-d2 solution did not result in 
substitution, but instead formed the bis-phosphite complex [((MeO)3P)2Au]OTf and the bis-
NHC complex [(SIMes)2Au]OTf as judged by 1H NMR, 31P NMR, and ESI-MS. Addition of 
tetrabutylammonium chloride to a DCM-d2 solution of 6b also resulted in deauration to 
give SIMesAuCl as judged by 1H NMR, indicating lability of the Au-C bonds. Similarly, the 
compound slowly decomposed to the bis-NHC complex [(SIMes)2Au]OTf when subjected 
to 2 atmospheres of hydrogen for two weeks.  
 
 





Trapping experiments were carried out in an effort to generate the SIMes-
supported trigold(I) carbido cation in non-coordinating solvent, observe it 
spectroscopically, and trap it as the stable pyridine adduct. Initial experiments involved 
addition of a DCM solution of 3 to a DCM solution of (SIMes)AuF (2 eq) at -35°C. Addition 
of pyridine to the product mixture generated a magenta solution of 6a, which also 
contained unreacted (SIMes)AuF and several unidentified species as judged by 1H NMR 

































intermediate (a) or a (triauromethyl)diazonium intermediate (b) are shown below (Scheme 
3.8).  Suspecting that side reactions could be occurring between a transient species and 
bifluoride, subsequent experiments were carried out with [(SIMes)Au]2X+ reagents in place 
of terminal (SIMes)AuF. Digold(I) µ-fluoride cations were previously shown to undergo 
halide exchange with DCM,58 therefore bridged acetate salts were initially chosen for these 
experiments. Addition of 3 to SIMes-supported digold(I) µ-acetate tetrafluoroborate 
{[(SIMes)Au]2(OAc)}BF4 at -41°C resulted in a nearly colorless solution. Addition of excess 
pyridine to this reaction mixture resulted in a color change to magenta, suggesting 
formation of the N-(triauromethyl)pyridinium  cation. On warming, however, the 
trimethylsilyl acetate generated during the reaction appears to react with the BF4- to give 
BF3 and Me3SiF as judged by 1H NMR. In order to avoid this side reaction, subsequent 
experiments were carried out using the trifluoromethanesulfonate salt of the digold(I) µ-
acetate {[(SIMes)Au]2(OAc)}OTf. As before, when a DCM solution of 3 was added to a 
DCM solution of {[(SIMes)Au]2(OAc)}OTf at -41°C, a nearly colorless solution resulted. 
Addition of excess pyridine to this reaction mixture once again resulted in a color change 
to magenta, suggesting formation of 6b. On warming, however, the magenta color gave 
way to orange. The major products in the resulting orange mixture were 
{[(SIMes)Au]2CH(Py)}+ and (SIMes)Au(OAc) as judged by 1H NMR, which seemed to 
suggest that 6b could be reacting with Me3SiOAc at room temperature to give the digold(I) 
species {[(SIMes)Au]2C(SiMe3)(Py)}+, which could then undergo protonolysis with an 
adventitious proton source to give {[(SIMes)Au]2CH(Py)}+. Analogous experiments were 
carried out using the bridged digold(I) µ-tert-butoxide {[(SIMes)Au]2(OtBu)}OTf, but the low 
nucleophilicity of tert-butoxide resulted in long reaction times. Finally, attempts were made 
to generate the thermally unstable SIMes-supported gold(I) triflate (SIMes)AuOTf in the 
absence of pyridine at -78°C. It was envisaged that addition of 3 to the reaction mixture, 
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followed by addition of (SIMes)AuF would generate the trigold(I) carbide. When this was 
carried out, addition of pyridine to the reaction mixture resulted in a deep magenta color, 
which again gave way to an orange color on warming, suggesting unwanted side reactions 
with byproducts at room temperature. The 1H NMR spectrum of the product mixture was 
complicated, but showed trace amounts of 6b. 
 
 
Scheme 3.8. Plausible pathways leading to the Formation of 6 via the formation of a 




Given the successful suppression of digold(I) cyanide and digold(I) hydride species 
by pyridine during the formation of the N-(triauromethyl)pyridinium  cation, and given the 
promising formation of 4 by reaction of 2 with (IDipp)AuOTf, it seemed probable that the 
SIMes-supported N-[diauro(trimethylsilyl)methyl]pyridinium cation could also be formed. 


































































the desired yellow compound {[(SIMes)Au]2C(SiMe3)(Py)]OTf (8) in 88% NMR yield based 
on total integration (Scheme 3.9).  
 
 
Scheme 3.9. Synthesis of {[(SIMes)Au]2C(SiMe3)(Py)}OTf (8). 
 
Unfortunately, it was always accompanied by a significant quantity of the bis-NHC 
complex [(SIMes)2Au]OTf (ca. 10%) and trace quantities of the protonolyzed product 
{[(SIMes)Au]2CH(Py)}OTf. Attempts to intentionally protonolyze the compound with phenol 
and methanol resulted in no reaction over the course of several hours, even with gentle 
heating. Similar to 4, the 1H NMR of 8 reveals that the ortho-aryl alkyl protons and the 
meta-CH protons of the two SIMes ligands are rendered chemically inequivalent, giving 
rise to two sets of SIMes-derived signals (Figure 3.22).  Single crystals of 8 suitable for X-
ray diffraction were grown by carefully layering a DCM solution of the compound with 
hexanes at -35°C. The solid state structure (Figure 3.3) reveals a pseudo-tetrahedral 
arrangement with a constricted Au-C1A-Au angle of 94.0(2)°, and an expanded Si-C1A-N 
angle of 119.9(3)°. The Au1-C1A-Si and Au2-C1A-N angles are close to ideal at 108.1(2)° 
and 108.2(3)° respectively. Similarly, the Au2-C1A-Si and Au1-C1A-N angles are only 
slightly expanded at 111.2(2)° and 112.5(3)° respectively. The contracted Au1-Au2 
distance is within two van der Waals radii at 3.0391(6) Å, indicating a weak aurophilic 



































respectively, slightly longer than the corresponding distances in 6a (Dd = ca. 0.02-0.03 Å). 
The Au-CNHC distances are 2.012(3) Å and 2.015(4) Å.  The C1-N3 distance of 1.481(5) Å 
compares closely with the corresponding distance in 6a (1.45(1) Å), and in N-
methylpyridinium tetraphenylborate (1.473(3) Å).59 A small portion of the protonolyzed 
product {[(SIMes)Au]2CH(Py)}OTf cocrystallized with 8, accounting for ca. 10% of the total 
diffraction. The structure of {[(SIMes)Au]2CH(Py)}OTf (Figure 3.4) was resolved from 8, 
and the chemically distinct portions of the molecules were refined separately, however, 
the remaining coordinates were crystallographically indistinguishable.  
 
 
Figure 3.3. Solid state structure of 8 (50% probability ellipsoids). H atoms, F3CSO3- anion, 
and cocrystallized solvent molecules are omitted for clarity. Selected interatomic distances 
(Å) and angles (deg): Au1-Au2, 3.0391(6); Au1-C1A, 2.076(3); Au2-C1A, 2.076(3); Si-
C1A, 1.879(5); C1A-N3, 1.481(5); C31-Au1, 2.012(3); Au2-C2, 2.015(4); C2-Au2-C1A, 
172.2(2); C1A-Au1-C31, 177.5(2); Au2-C1A-Au1, 94.0(2); Au2-C1A-Si, 111.2(2); Au1-




Figure 3.4. Solid state structure of {[(SIMes)Au]2CH(Py)}OTf (50% probability ellipsoids). 
H atoms, F3CSO3- anion, and cocrystallized solvent molecules are omitted for clarity. 
Selected interatomic distances (Å) and angles (deg): Au1-Au2, 3.0391(6); Au1-C1B, 
2.076(3); Au2-C1A, 2.076(3); Si-C1B, 1.879(5); C1B-N3, 1.481(5); C31-Au1, 2.012(3); 
Au2-C2, 2.015(4); C2-Au2-C1B, 172.2(2); C1B-Au1-C31, 177.5(2); Au2-C1B-Au1, 
94.0(2); Au2-C1B-Si, 111.2(2); Au1-C1B-Si, 108.1(2); Au1-C1B-N3, 112.5(3); Au2-C1B-




 In an effort to protodesilylate (IDipp)AuC(N2)SiMe3 to give (IDipp)AuC(N2)H, a 
methanol solution of (IDipp)AuC(N2)SiMe3 was sonicated with excess potassium 
bifluoride. However, protodesilylation was accompanied by insertion into a methanol O-H 
bond, resulting in the gold(I) methoxymethyl complex (IDipp)AuCH2OCH3 (Scheme 3.10). 
The 1H NMR spectrum reveals resonances at d 3.90 ppm and d 2.83 ppm corresponding 
to the -CH2- and -CH3 of the methoxymethyl moiety (Figure 3.24). This compound is 




Scheme 3.10. Synthesis of (IDipp)Au(CH2OCH3). 
 
3.3 Conclusion 
 Solvent adducts of an NHC-supported diglold(I) trimethylsilyl(methylidyne) cation, 
digold(I) methylidyne cation, and trigold(I) carbide cation were generated from the 
corresponding gold(I) trimethylsilyl(diazomethane) complexes. A gold(I) methoxymethyl 
carbenoid-species was also generated. The SIMes-supported N-(triauromethyl)pyridinium  
cation, which may be thought of as the pyridine adduct of the trigold(I) carbido cation, 
reacts with CO to form a trigold(I) ketenylidene cation. Reaction with stronger Lewis bases 
including Cl- and (MeO)3P resulted in cleavage of the Au-C bonds. Trapping experiments 
intended to provide evidence of a transient non-coordinated trigold(I) carbido cation were 




3.4.1 General Considerations 
Unless otherwise indicated, manipulations were performed in an MBraun glovebox 
under nitrogen atmosphere, or using standard Schlenk techniques under argon 
atmosphere. Glassware was dried in a ventilated oven at 160 °C or flame-dried and 
allowed to cool under vacuum. Molecular sieves (Alfa Aesar) and Celite (EMD 545) were 
dried under vacuum for at least twelve hours at 160°C. Dichloromethane (EMD Millipore 
Omnisolv), hexanes (EMD Millipore Omnisolv), toluene (EMD Millipore Omnisolv), and 





















minutes and dried using an MBraun solvent purification system. DCM was then transferred 
onto calcium hydride and further dried for at least 12 hours. It was then degassed and 
vacuum-transferred to a resealable flask, and stored over 3Å molecular sieves in the 
glovebox. THF, hexanes, and toluene were then transferred onto sodium benzophenone 
ketyl and further dried until a purple color was achieved. They were then degassed and 
vacuum-transferred to a resealable flask, and stored over molecular sieves in the 
glovebox. Pyridine (Sigma-Aldrich) and acetonitrile (EMD HPLC) were stirred over calcium 
hydride (Alfa Aesar) in sealed flasks for at least twelve hours. They were then degassed 
and vacuum-transferred to resealable flasks, and stored over 3Å molecular sieves in the 
glove box. Benzene (Alfa Aesar ACS) was dried over sodium benzophenone ketyl in a 
sealed flask until a purple color was achieved. It was then degassed, vacuum-transferred 
to a resealable flask, and stored over 3Å molecular sieves in the glovebox. Methanol 
(BDH), acetone (BDH), and hexanes used in benchtop work (BDH) were used as received. 
THF-d8 (Cambridge Isotope Laboratories) was dried over sodium benzophenone 
ketyl, degassed by several freeze-pump-thaw cycles, and vacuum-transferred into a 
resealable flask. Dichloromethane-d2 and acetonitrile-d3 (Cambridge Isotope 
Laboratories) were dried over calcium hydride for at least twelve hours, degassed by 
several freeze-pump-thaw cycles, and vacuum-transferred into resealable flasks. 
Methanol-d4 (Cambridge Isotope Laboratories) was used as received. 
Tetrachloroauric acid (Strem), dimethyl sulfide (Alfa Aesar), potassium carbonate 
(Alfa Aesar), potassium bifluoride (Alfa Aesar), calcium hydride (Alfa Aesar), silver acetate 
(Sigma-Aldrich), 2,4,6-trimethylaniline (Alfa Aesar), sodium metal (Alfa Aesar), 
benzophenone (Alfa Aesar), 1,2-dichloroethane (EMD Millipore Omnisolv), 4,4’-
dimethylbiphenyl (Alfa Aesar), nitrogen (NexAir), argon (both industrial and ultra-high 
purity grades, NexAir), and carbon monoxide (Sigma-Aldrich) were used as received. 
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N,N'-bis(2,4,6-trimethylphenyl)imidazolinium chloride,52 (SIMes)AuCl53, (IDipp)AuN(i-
Pr)2,47 (IDipp)Au(Ot-Pent),43 (IDipp)Au(OTf),43 (IDipp)AuF,58 and (SIMes)Au(OAc)46 were 
prepared according to literature protocol and were characterized by 1H NMR 
spectroscopy.  
 
3.4.2 Analytical Measurements 
1H and 13C spectra were obtained using a Varian Vx 400 MHz spectrometer, Bruker 
Avance IIIHD 500 spectrometer, or Bruker Avance IIIHD 700 spectrometer. 1H and 13C 
NMR chemical shifts are referenced with respect to solvent signals and reported relative 
to tetramethylsilane. Infrared spectra were collected from neat solid samples using a 
Bruker Alpha-P infrared spectrometer equipped with an attenuated total reflection (ATR) 
attachment inside of a glovebox. Elemental analyses were performed by Atlantic Microlab, 
Inc. in Norcross, Georgia. 
 
3.4.3 Synthetic Procedures 
 
3.4.3.1 (IDipp)AuC(N2)SiMe3 (2) 
A solution of trimethylsilyl(diazomethane) (0.1 mL, 2.0M) in hexanes was added to 
a solution of (IDipp)Au(N(i-Pr)2) in THF (23 mg, 0.033 mmol) in a 25-mL Schlenk flask. 
The flask was covered in foil to exclude light, and left to stand for 2 hours. All volatiles 
were then removed in vacuo to give the pure yellow solid (23 mg, 100% yield). 1H NMR 
(400 MHz, CD3CN): d (ppm) 7.52 (t, J = 7.8 Hz, 2H, para-CH), 7.43 (s, 2H, NCH), 7.36 (d, 
J = 7.8 Hz, 4H, meta-CH), 2.59 (sep, J = 6.9 Hz, 4H, (CH3)2CH), 1.30 (d, J = 6.9 Hz, 12H, 
(CH3)2CH), 1.21 (d, J = 6.9 Hz, 12H, (CH3)2CH), -0.31 (s, 9H, Si(CH3)3). IR: n (cm–1) 2961, 
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1985, 1471, 1457, 1413, 1383, 1364, 1351, 1327, 1242, 1212, 1180, 1059, 947, 937, 876, 
832, 804, 759, 747, 703, 645, 627, 532. 
 
 





























 SIMesAuCl (54 mg, 0.10 mmol) and 1.13 equivalents of sodium tert-pentyloxide 
(12 mg, 0.100 mmol, 87% purity) were combined in a 20-mL scintillation vial equipped with 
a stir bar. Toluene (6 mL) was added, the reaction mixture was stirred for 4 hours, and 
then filtered through a plug of Celite into a 25-mL Schlenk flask. After the Celite was 
washed with three additional portions of toluene, the solvent was removed in vacuo at 
40oC overnight to afford the pure white compound (53 mg, 90%). 1H NMR (700 MHz, 
CD2Cl2): d (ppm) 6.97 (s, 4H, meta-CH), 3.94 (s, 4H, NCH2), 2.31 (s, 12H, ortho-CH3), 
2.30 (s, 6H, ortho-CH3), 0.94 (q, 2H, O(CH3)2CCH2CH3), 0.67 (s, 6H, O(CH3)2CCH2CH3), 
0.59 (t, 3H, O(CH3)2CCH2CH3). 13C{1H} NMR (176 MHz, CD2Cl2): d (ppm) 193.88 (NCAu), 
139.1 (CAr), 136.5 (CAr), 135.9 (CAr), 129.8 (CAr), 72.52 (O(CH3)2CCH2CH3), 50.97 (NCH2), 




















(O(CH3)2CCH2CH3). IR: n (cm–1) 1673, 1599, 1493, 1445, 1377, 1267, 1170, 1115, 1092, 
1072, 1038, 970, 899, 855, 755, 701, 668, 625, 544, 457. Anal. Calcd for C26H37AuN2O: 
C, 52.88; H, 6.32; N, 4.74. Found C, 52.67; H, 6.51; N, 4.78. 
 
 


























Figure 3.8. 13C NMR (176 MHz, CD2Cl2) spectrum of (IDipp)Au(Ot-Pent). 
 
3.4.3.3 (SIMes)AuC(N2)SiMe3 (3) 
In a 50-mL Schlenk flask, SIMesAu(Ot-Pent) (329 mg, 0.557 mmol) was dissolved 
in THF (10 mL), and trimethylsilyl(diazomethane) (1.7 mL, 2.0 M in hexanes) was added. 
The reaction vessel was covered in foil to exclude light, and the reaction was allowed to 
proceed for 30 minutes. Volatiles were removed in vacuo overnight affording the pure 
compound as a yellow crystalline solid (343 mg, 100%). 1H NMR (400 MHz, CD2Cl2): d 
(ppm) 6.98 (s, 4H, meta-CH), 3.94 (s, 4H, NCH2), 2.33 (s, 12H, ortho-CH3), 2.30 (s, 6H, 
para-CH3), -0.29 (s, 9H, Si(CH3)3) 13C{1H} NMR (176 MHz, CD2Cl2): d (ppm) 208.67 
(NCAu), 138.6 (CAr), 135.8 (CAr), 135.1 (CAr), 129.4 (CAr), 50.82 (NCH2), 33.58 (CN2), 20.77 
(CH3), 17.73 (CH3), -0.29 (Si(CH3)3). IR: n (cm–1) 2848, 1981, 1490, 1454, 1269, 1241, 
1011, 868, 828, 744, 685, 627, 572, 530. Anal. Calcd for C25H35AuN4Si: C, 48.70; H, 5.72; 

































































































































3.4.3.4 Reaction of (IDipp)AuC(N2)SiMe3 (2) with (IDipp)Au(OTf) in acetonitrile to give a 
product mixture containing {[(IDipp)Au]2C(SiMe3)(MeCN)}OTf (4) 
 
In a typical iteration of this experiment, a solution of (IDipp)AuC(N2)SiMe3 (61 mg, 
0.087 mmol) in acetonitrile (3 mL) was cooled to -41°C and a solution of (IDipp)AuOTf (64 
mg, 0.087 mmol) in acetonitrile was added dropwise with stirring. The reaction mixture 
was stirred at cold temperature for an additional 20 minutes, after which time it was 
allowed to warm to room temperature. Solvent was removed in vacuo to give a colorless 
oil consisting of {(IDipp)Au]2C(SiMe3)(MeCN)}OTf  as the major product (127 mg, 101%). 
1H NMR (400 MHz, CD3CN): d (ppm) 7.48 (t, J = 7.8 Hz, 4H, para-CH), 7.33 (s, 4H, NCH), 
7.28 (d, J = 8.04 Hz, 8H, meta-CH), 2.57 (sep, J = 6.9 Hz, 4H, (CH3)2CH), 2.51 (sep, J = 
6.9 Hz, 4H, (CH3)2CH), 1.96 (s, 3H, NCCH3), 1.16 (d, J = 6.9 Hz, 12H, (CH3)2CH), 1.13 (d, 
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J = 6.9 Hz, 12H, (CH3)2CH), 1.11 (d, J = 6.9 Hz, 12H, (CH3)2CH), 1.09 (d, J = 6.9 Hz, 12H, 
(CH3)2CH), -0.66 (s, 9H, Si(CH3)3).  
In another typical iteration of the experiment, a solution of (IDipp)AuC(N2)SiMe3 32 
mg, 0.046 mmol) in CD3CN (1 mL) was cooled to -41°C and a solution of (IDipp)AuOTf 
(34 mg, 0.046 mmol) in CD3CN (1 mL) was slowly added to it. The product was warmed 
to room temperature and the CD3CN solution was evaporated to dryness. The solid 
obtained was then dissolved in CH3CN prior to collecting ESI-MS data.  ESI-MS: (m/z) 
{[(IDipp)Au]2(C2N3)(H)(CD3)}+ (1327.7), {[(IDipp)Au]2(C2N3)(SIMe3)(CD3)}+ (1255.6), 




Figure 3.12. 1H NMR (400 MHz, CD3CN) spectrum of the reaction products of 
(IDipp)AuC(N2)SiMe3 (2) and (IDipp)Au(OTf) in acetonitrile to produce 
{[(IDipp)Au]2C(SiMe3)(MeCN)}OTf (4). Impurities: unlabeled overlapping peaks are 
attributed to several impurities including {[(IDipp)Au]2CN}OTf and {[(IDipp)Au]2H}OTf. The 
labelled resonance at d -0.13 ppm may be attributable to Si(CH3)3 in 




















































Figure 3.13. ESI-MS(+) spectrum of the products from the reaction of 




3.4.3.5 (SIMes)AuF (5) 
 
In a 20-mL scintillation vial equipped with a stir bar, benzoyl fluoride (103 mg, 0.830 
mmol) was added to a solution of SIMesAu(Ot-Pent) (164 mg, 0.278 mmol) in benzene 
(10 mL). The reaction was stirred for three hours affording the product as a white 
precipitate. The suspension was filtered, and solid was washed with hexanes (3 x 1 mL) 
to give the pure compound (115 mg, 79%). 1H NMR (400 MHz, CD2Cl2): d (ppm) 7.02 (s, 
4H, meta-CH), 4.01 (s, 4H, NCH2), 2.33 (s, 6H, para-CH3), 2.30 (s, 12H, ortho-CH3). 
13C{1H} NMR (176 MHz, CD2Cl2): d (ppm) 184.4 (d, NCAu), 139.1 (CAr), 135.8 (CAr), 134.8 
(CAr), 129.6 (CAr), 50.53 (NCH2), 20.82 (CH3), 17.73 (CH3). 19F NMR (376 MHz, CD2Cl2): 
d (ppm) -246.1 (AuF). IR: n (cm–1) 2908, 1606, 1490, 1454, 1372, 1327, 1259, 1164, 1015, 
854, 739, 572, 497. Anal. Calcd for C21H26AuFN2: C, 48.28; H, 5.02; N, 5.36. Found C, 
48.54; H, 5.16; N, 5.35. 
Daugherty P2-5S2-4-091516, ACN soln into ACN
15-Sep-2016   12:45:45GT Mass Spectrometry Laboratory















































































3.4.3.6 [(SIMes)Au(Py)]OTf (7) 
SIMesAuCl (105 mg, 0.195 mmol), silver trifluoromethanesulfonate (50 mg, 0.19 
mmol), and pyridine (47 µL, 0.58 mmol) were combined in a 20-mL scintillation vial 
equipped with a stir bar. DCM (10 mL) was added, and the reaction mixture was stirred in 
the dark for 20 minutes. The suspension was then filtered through a plug of Celite. The 
solvent and excess pyridine were removed in vacuo to give a colorless oily residue. The 
residue was dissolved in THF (2 mL) and crystallized by addition of cold hexanes (20 mL). 
The solid was collected by vacuum filtration and washed with three additional portions of 
hexanes (3 x 1 mL) to give the pure white solid (124 mg, 87%). 1H NMR (400 MHz, 
CD2Cl2): d (ppm) 7.99 (t, 1H, para-NC5H5), 7.93 (d, 2H, ortho-NC5H5), 7.53 (t, 2H, meta-
NC5H5), 7.04 (s, 4H, meta-CH), 4.18 (s, 4H, NCH2), 2.38 (s, 12H, ortho-CH3), 2.32 (s, 6H, 
ortho-CH3). 13C{1H} NMR (176 MHz, CD2Cl2): d (ppm) 189.9 (NCAu), 151.42 (NC5H5 139.1 
(CAr), 135.8 (CAr), 134.8 (CAr), 129.6 (CAr), 50.53 (NCH2), 20.82 (CH3), 17.73 (CH3). IR: n 
(cm–1) 2918, 1611, 1514, 1450, 1380, 1328, 1275, 1259, 1218, 1137, 1072, 1028, 853, 
753, 693, 636, 571, 517. Anal. Calcd for C27H31AuF3N3O3S: C, 44.33; H, 4.27; N, 5.36. 


















































































3.4.3.7 {[(SIMes)Au]3C(Py)]OTf (6b) 
Solutions of (SIMes)AuC(N2)SiMe3 (37 mg, 0.060 mmol) in pyridine (3 mL), and of 
SIMesAuF (37 mg, 0.060 mmol) and [SIMesAu(Py)]OTf (47 mg, 0.060 mmol) in pyridine 
(3 mL) were prepared in 20 mL scintillation vials and cooled to -35oC in a glovebox freezer. 
With a precooled pipette, the solution of (SIMes)AuC(N2)SiMe3 was added quickly to the 
solution of SIMesAuF and [SIMesAu(Py)]OTf resulting in an immediate color change to 
magenta. The reaction mixture was transferred between vials several times to ensure 
adequate mixing and placed back into the glovebox freezer for 2.5 hours. Volatiles were 
then removed in vacuo at room temperature. The resulting residue was dissolved in THF 
(3 mL) and crystallized by addition of cold hexanes (15 mL). The precipitate was collected 
by vacuum filtration, and washed with hexanes (3 x 1 mL) to give the pure magenta solid 
(82 mg, 78%). 1H NMR (700 MHz, CD3CN): d (ppm) 7.62 (d, 2H, ortho-NC5H5), 6.88 (s, 
12H, CHAr), 6.74 (t, 2H, para-NC5H5), 6.21 (t, 2H, meta-NC5H5), 3.76 (s, 12H, NCH2), 
2.30 (s, 18, para-CH3), 2.17 (s, 36H, ortho-CH3). 13C{1H} NMR (176 MHz,CD3CN): d (ppm) 
211.61 (NCAu), 145.63 (Au3C), 144.50 (ortho-NC5H5), 138.55 (CAr), 136.84 (CAr), 136.71 
(CAr), 133.02 (para-NC5H5), 130.13 (CAr), 122.12 (meta-NC5H5), 51.38 (NCH2), 21.33 
(CH3),18.22 (CH3). IR: n(cm–1) 2917, 1598, 1487, 1454, 1376, 1265, 1245, 1146, 1031, 
990, 850, 776, 638, 574. Anal. Calcd for C70H83N7O3Au3: C, 48.03; H, 4.78; N, 5.60. Found 




Figure 3.18. 1H NMR (700 MHz, CD3CN) spectrum of {[(SIMes)Au]3C(Py)]OTf (6b). 
 
 


















































































3.4.3.8 Reaction of [(SIMesAu)3C(Py)]OTf with Carbon Monoxide  
 A [(SIMesAu)3C(Py)]OTf (15 mg, 0.0086 mmol) and 4,4'-dimethylbiphenyl (10 mg, 
0.054 mmol), as an internal standard, were combined and dissolved in CD2Cl2 (1.5 mL) in 
a J. Young NMR tube. The solution was degassed and the headspace was charged with 
carbon monoxide (2 atm). Substitution of pyridine with CO gave the trigold ketenylidene 
cation as the triflate salt in 85% NMR yield after five hours. 1H NMR (400 MHz, CD2Cl2): d 
(ppm) 6.89 (s, 4H, meta-CH), 3.84 (s, 4H, NCH2), 2.32 (s, 6H, ortho-CH3), 2.12 (s, 12H, 
ortho-CH3). IR: n (cm–1) 2004 (CO). 
 
 
Figure 3.20. 1H NMR (400 MHz, CD2Cl2) spectrum of the reaction between 6b and CO 
showing 85% conversion of 6b to {[(SIMes)Au]3CCO}OTf. (A) unidentified byproduct; (B) 
{[(SIMes)Au]2CH(Py)}OTf; (C) unreacted 6b (NCH2); (D) free pyridine (ortho-NC5H5); (E) 
4,4’-dimethylbiphenyl (2,2’-CH). Traces of adventitious hexane (d 0.89, d 1.27) and 






















3.4.3.9 Reaction of (SIMes)AuF (5) with (SIMes)AuC(N2)SiMe3 (3) in CD2Cl2 Followed by 
Addition of Pyridine. 
 
A solution of (SIMes)AuC(N2)SiMe3 (10 mg, 0.016 mmol) in CD2Cl2 (1mL) was 
added dropwise to a scintillation vial containing (SIMes)AuF (17 mg, 0.032 mmol) in 
CD2Cl2 (1 mL) at -35°C to give a yellow-green solution. Excess pyridine was immediately 
added to the reaction mixture, resulting in a color change to deep magenta. The 1H NMR 
spectrum of the reaction mixture reveals that ca. 50% of the [(SIMes)Au] was converted 
to 6a based on total integration. 
 
 
Figure 3.21. 1H NMR (400 MHz) of the reaction products of (SIMes)AuF with 
(SIMes)AuC(N2)SiMe3 in CD2Cl2 followed by addition of Pyridine. The (NCH2) resonance 
corresponding to the target product and byproducts of the reaction are labeled. (A) 
(SIMes)AuF, (B) unidentified product, (C) {[(SIMes)Au]2CH(NC5H5)}OTf, (D) 








































3.4.3.10 {[(SIMes)Au]2C(SiMe3)(Py)}OTf (8) 
In separate 20-mL scintillation vials, [(SIMes)Au(Py)]OTf (31 mg, 0.042 mmol) and 
(SIMes)AuC(N2)SiMe3 (26 mg, 0.042 mmol) were dissolved in pyridine (2 mL) and cooled 
to -35°C in the glove box freezer. With a precooled pipette, the solution of 
(SIMes)AuC(N2)SiMe3 was quickly added to the solution of [(SIMes)Au(Py)]OTf, 
accompanied by a slight change in color, and the reaction mixture was placed back in the 
glovebox freezer for 15 minutes. The solution was then evaporated to give an oily residue, 
which was dissolved in THF (3 mL) and crystallized by addition of cold hexanes (15 mL). 
The yellow precipitate was collected by vacuum filtration and washed with hexanes (3 x 2 
mL) (45 mg, 88 mol%). 1H NMR indicated the presence of impurities including 
[(SIMes)2Au]OTf (10 mol%) and [[(SIMes)Au]2CH(Py)]OTf (1.6 mol%). 1H NMR (500 MHz, 
CD2Cl2): d (ppm) 8.00 (d, J =  6.0 Hz, 2H, ortho-NC5H5), 7.40 (t, J = 7.6 Hz, 1H, para-
NC5H5), 6.89 (s, 4H, meta-CH), 6.86 (s, 4H, meta-CH), 6.83 (t, J = 7.3 Hz, 2H, meta-
NC5H5), 3.93 (s, 4H, NCH2), 2.30 (s, 12H, para-CH3), 2.26 (s, 12H, ortho-CH3), 2.22 (s, 
12H, ortho-CH3), -0.68 (s, 9H, Si(CH3)3). 13C{1H} NMR (176 MHz, CD2Cl2): d (ppm) 211.3 
(NCAu), 146.2 (ortho-NC5H4),  138.7 (CAr),136.4 (CAr), 136.3 (CAr), 135.9 (CAr) 129.8 
(meta-CH), 129.7 (meta-CH3), 124.1 (meta-NC5H5), 106.2 (Au2C), 51.32 (NCH2), 21.40 




Figure 3.22. 1H NMR (500 MHz, CD2Cl2) spectrum of {[(SIMes)Au]2C(SiMe3)(Py)}OTf (8). 









































In a 20-mL scintillation vial, (IDipp)AuC(N2)SiMe3 (28 mg, 0.040 mmol) and KHF2 
(10.8 mg, 0.138 mmol) were combined outside of the glove box. Wet methanol (10 mL) 
was added, and the reaction mixture was sonicated for 15 minutes. The reaction mixture 
was rotary evaporated to dryness, triturated with acetonitrile (ca. 10mL), and filtered 
through silica gel to give a colorless solution, which was rotary evaporated to dryness to 
give the pure white solid (21 mg, 81%). 1H NMR (500 MHz, CD3OD): d (ppm) 7.49 (t, J = 
7.9 Hz, 2H, para-CH), 7.48 (s, 2H, NCH), 7.34 (d, J = 7.9 Hz, 4H, meta-CH), 4.03 (s, 2H, 
AuCH2), 2.85 (s, 3H, OCH3), 2.67z (sep, J = 6.9 Hz, 4H, (CH3)2CH), 1.35 (d, J = 6.9 Hz, 
12H, (CH3)2CH), 1.23 (d, J = 6.9 Hz, 12H, (CH3)2CH). 13C NMR (126 MHz, CD3OD): d 
(PPM) 199.9 (NCAu), 147.1 (ortho-C), 136.2 (ipso-C), 131.2 (para-C), 124.9 (meta-C), 



































































(CH(CH3)2). IR n (cm-1): 2960, 2923, 2866, 2788, 2759, 1593, 1546, 1471, 1469, 1413, 
1384, 1364, 1348, 1328, 1255, 1233, 1215, 1173, 1170, 1106, 1073, 1058, 947, 936, 875, 
804, 760, 746, 690, 548, 449. Anal. Calcd for C29H41AuN2O: C, 55.23; H, 6.55; N, 4.44. 
Found C, 54.64; H, 6.45; N, 4.75.  
 
 





























Figure 3.25. 13C NMR (126 MHz, CD3OD) spectrum of (SIMes)Au(CH2OCH3).  
 
3.4.3.12 {[(SIMes)Au]2CH(Py)}OAc 
A solution of (SIMes)Au(OAc) (13 mg, 0.023 mmol) in pyridine (3 mL) was added 
to a solution of (SIMes)AuC(N2)SiMe3 (14 mg, 0.023 mmol) in THF (5 mL) at -41°C over 
the course of 30 minutes with stirring. The reaction was allowed to proceed at low 
temperature for 1.75 h over which time a yellow color developed. The reaction mixture 
was then allowed to warm to room temperature, and volatiles were removed in vacuo. The 
residue was dissolved in THF (ca. 1 mL) and recrystallized by addition of cold hexanes 
(ca. 20 mL). 1H NMR (300 MHz, CD2Cl2): d (ppm) 7.32 (d, J =  6.0 Hz, 2H, ortho-NC5H5), 
7.09 (t, J = 7.7 Hz, 1H, para-NC5H5), 6.96 (s, 4H, meta-CH), 6.82 (s, 4H, meta-CH), 6.68 
(t, J = 7.3 Hz, 2H, meta-NC5H5), 5.02 (s, 1H, Au2CH), 3.92 (m, 4H, NCH2), 2.35 (s, 12H, 

























































Figure 3.26. 1H NMR (300 Mhz, CD2Cl2) spectrum of {[(SIMes)Au]2CH(Py)}OAc. Impurity: 
(*) unidentified NCH2 resonance corresponding to a (SIMes)Au containing product (ca. 5 





(SIMes)Au(OAc) (104 mg, 0.184 mmol) and triphenylcarbenium tetrafluoroborate 
(30 mg, 0.18 mmol) were combined in a 20-mL scintillation vial equipped with a stir bar, 
and THF (20 mL) was added. The solution was stirred for three hours. Cold hexanes (20-
mL) was added to precipitate the product, which was collected by vacuum filtration and 






































CD2Cl2): d (ppm) 6.93 (s, 4H, meta-CH), 4.09 (s, 4H, NCH2), 2.29 (s, 6H, para-CH3), 2.26 
(s, 12H, ortho-CH3), 1.31 (OAc). 
 
 
Figure 3.27. 1H NMR (300 MHz, CD2Cl2) spectrum of {[(SIMes)Au]2(OAc)}BF4. 
 
3.4.3.14 {[(SIMes)Au]2(OAc)}OTf 
(SIMes)AuCl (65 mg, 0.12 mmol) and silver acetate (10mg, 0.060 mmol) and silver 
trifluoromethanesulfonate (15 mg, 0.060 mmol) were combined in a 20-mL scintillation vial 
equipped with a stir bar. DCM (15 mL) was added, and the reaction was stirred in the dark 
for three hours. The suspension was then filtered through Celite and dried in vacuo to 
afford the white powder. 1H NMR (300 MHz, CD2Cl2): d (ppm) 6.93 (s, 4H, meta-CH), 4.09 



















Figure 3.28. 1H NMR (300 MHz, CD2Cl2) spectrum of {[(SIMes)Au]2(OAc)}OTf. Impurities: 





Following the same procedure as for the preparation of (SIMes)Au(Ot-Pent), 
(SIMes)AuCl (72 mg, 0.13 mmol) and sodium tert-butoxide (13 mg, 0.14 mmol) were 
combined in a 20-mL scintillation vial equipped with a stir bar. Toluene (15 mL) was added, 
and the solution was stirred for two hours. The suspension was then filtered through Celite 
and dried in vacuo to afford the white powder. 1H NMR (400 MHz, CD2Cl2): d (ppm) 6.97 























Figure 3.29. 1H NMR (400 MHz, CD2Cl2) spectrum of (SIMes)Au(Ot-Bu). Impurities: 





(SIMes)Au(Ot-Bu) (41 mg, 0.071 mmol), (SIMes)AuCl (38 mg, 0.071 mmol), and 
silver triflate (18 mg, 0.070 mmol) were combined in a 20-mL scintillation vial equipped 
with a stir bar. DCM (15 mL) was added, and the reaction was stirred for 20 minutes, then 
filtered through Celite, and dried in vacuo to afford the white solid (65 mg, 75%). 1H NMR 
(400 MHz, CD2Cl2): d (ppm) 6.95 (s, 4H, meta-CH), 4.03 (s, 4H, NCH2), 2.33 (s, 6H, para-





















Figure 3.30. 1H NMR (400 MHz, CD2Cl2) spectrum of {[(SIMes)Au]2(Ot-Bu)}OTf. 




3.4.4 X-Ray Diffraction Studies 
 
3.4.4.1 {[(SIMes)Au]2CN}OTf  
Single crystals of {[(SIMes)Au]2CN}OTf were grown by carefully layering an 
acetonitrile solution with benzene. A suitable crystal was selected with the dimensions 0.7 
mm × 0.3 mm × 0.1 mm and was mounted on a loop with paratone oil. Data were collected 
using a Bruker APEX-II CCD diffractometer equipped with an Oxford Cryosystems low-
temperature apparatus operating at T = 100(2) K. Using Olex2,62 the structure was solved 
with the ShelXT63 structure solution program using Intrinsic Phasing and refined with the 
ShelXL64 refinement package using Least Squares minimization.  


















P21 (no. 4), a = 11.9363(6) Å, b = 14.5150(6) Å, c = 18.6846(9) Å, β = 107.440(5)°, V = 
3088.4(3) Å3, Z = 2, T = 100(2) K, μ(MoKα) = 4.834 mm-1, Dcalc = 1.532 g/cm3, 77053 
reflections measured (3.576° ≤ 2Θ ≤ 54.968°), 14103 unique (Rint = 0.0658, Rsigma = 
0.0439) which were used in all calculations. The final R1 was 0.0435 (I > 2σ(I)) 
and wR2 was 0.1096 (all data).  
 
3.4.4.2 {[(SIMes)Au]3C(Py)]}OTf (6a)  
Single, red, prism-shaped crystals of {[(SIMes)Au]3C(Py)]}OTf (6a)  were grown by 
layering a DCM solution with hexanes at -35°C. A suitable crystal with the dimensions 
0.42 mm × 0.41 mm × 0.33 mm was selected and mounted on a loop with paratone oil on 
an Bruker D8 VENTURE diffractometer. The crystal was kept at a steady T = 100(2) K 
during data collection. The structure was solved with the ShelXT63 structure solution 
program using the Intrinsic Phasing solution method and by using Olex262 as the graphical 
interface. The model was refined with version 2017/1 of ShelXL65 using Least Squares 
minimization. 
Crystal Data. C69H84Au3F2N7, Mr = 1640.33, monoclinic, P21/n (No. 14), a = 
13.7035(10) Å, b = 21.3842(14) Å, c = 22.0544(15) Å, b  = 96.435(3)°, a = g  = 90°, V = 
6422.1(8) Å3, T = 100(2) K, Z = 4, Z' = 1, µ(MoKa) = 6.888 mm-1, 48171 reflections 
measured, 13102 unique (Rint = 0.0606) which were used in all calculations. The final wR2 
was 0.1282 (all data) and R1 was 0.0516 (I > 2σ(I)). 
 
3.4.4.3 {[(SIMes)Au]2C(SiMe3)(Py)]}OTf (8) and {[(SIMes)Au]2CH(Py)}OTf 
Single crystals of {[(SIMes)Au]2C(SiMe3)(Py)]}OTf (8) cocrystallized with ca. 10 
mol% {[(SIMes)Au]2CH(Py)}OTf were grown by carefully layering a DCM solution with 
hexanes at -35°C. A suitable crystal was selected with the dimensions 0.158 mm × 0.141 
 93 
mm × 0.03 mm and was mounted on a loop with paratone oil. Data were collected on 
a 'Bruker APEX-II CCD' diffractometer equipped with an Oxford Cryosystems low-
temperature apparatus operating at T = 100(2) K. Using Olex2,62 the structure was solved 
with the ShelXT63 structure solution program using Intrinsic Phasing and refined with the 
ShelXL65 refinement package using Least Squares minimization. 
Crystal Data for C52.805H67.41Au2Cl2.195F3N5O3SSi0.9 (M =1406.27 g/mol): triclinic, 
space group P-1 (no. 2), a = 10.5936(14) Å, b = 16.2304(16) Å, c = 17.0114(18) Å, α = 
103.553(5)°, β = 92.797(7)°, γ = 98.433(5)°, V = 2802.2(6) Å3, Z = 2, T = 100(2) K, 
μ(MoKα) = 5.446 mm-1, Dcalc = 1.667 g/cm3, 40117 reflections measured (4.434° ≤ 2Θ ≤ 
62.176°), 17821 unique (Rint = 0.0491, Rsigma = 0.0781) which were used in all calculations. 
The final R1 was 0.0421 (I > 2σ(I)) and wR2 was 0.0757 (all data). 
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CHAPTER 4 





 The Huisgen 1,3-dipolar cycloaddition of alkynes with azides1 is considered to be 
the prototypical example of a click reaction. Such reactions are powerful synthetic tools 
for the assembly of small molecular building blocks to create complex molecular structures 
via carbon-heteroatom bonds.2 Finn et. al. have applied copper(I) catalyzed azide-alkyne 
cycloaddition to the bioconjugation of functionalized viruses with dyes.3 The mechanism 
of the copper(I)-catalyzed 1,3-dipolar cycloaddition of azides and alkynes has been 
studied by DFT, and was proposed early on to pass through a three-coordinate 
intermediate involving LCu+, an organic acetylide, and an organic azide.4 However, more 
recent work by Fokin et. al. suggests the participation of a second LCu+ in the formation 
of a dicopper intermediate.5 Gray et. al. have demonstrated that [3 + 2] cycloaddition of 
gold(I) acetylides with (trimethylsilyl)azide gives isolable, hydrolytically stable C-bound 
gold(I) triazolates in good yield.6 Similarly, [3 + 2] cycloaddition of gold(I) azides with 
terminal alkynes also results in the C-bound gold(I) triazolates in good yield.6,7,8 
 Tetrazoles are accessible by 1,3-dipolar cycloaddition as well.9 Sharpless et. al. 
have demonstrated the effectiveness of Zn(II) in catalyzing the conversion of nitriles to 
tetrazoles by reaction with sodium azide.10 Sedelmeier, et. al. demonstrated that the 
reaction of dialkylaluminum azides, generated from the corresponding dialkylaluminum  
chlorides and sodium azide, with nitriles results in 5-substituted tetrazoles under mild 
conditions and relatively short reaction times.11 Yamamoto et. al. describe the copper(I) 
catalyzed [3 + 2] addition of nitriles with azide to give 5-substituted tetrazoles. In this case, 
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CuN3 is generated from Cu2O in a methanolic solution of (trimethylsilyl)azide. The reaction 
is proposed to proceed through a two-coordinate (RCN)Cu(N3) intermediate, which 
undergoes intramolecular cycloaddition to give the N-bound copper tetrazolate. 
Subsequent protonolysis of the organometallic species results in the organic tetrazole.12 
A review by Voitekhovich, Gaponik, and Koldobskii describes two approaches 
toward preparing 5-metallated tetrazoles. These are metalation of organic tetrazoles, and 
cycloaddition of coordinated azides with isonitriles.13 Beck and Fehlhammer were the first 
to employ the latter approach in preparing C-bound gold(III) tetrazolates.14 This work was 
later extended to generate a C-bound tetrakis(tetrazolyl)Au(III) species.15 Raubenheimer 
et. al. have explored both metalation and cycloaddition approaches in their preparation of 
C-bound gold(I) tetrazolates, which they subsequently methylate in the 4-position to give 
the corresponding gold(I) tetrazolylidenes.16 Kukushkin et. al. describe a similar approach 
toward preparation of C-bound Au(III) tetrazolylidenes by cycloaddition of Au(III) isonitriles 
with azide.17 Neutral N-Bound gold(I) tetrazolates have also been described.18,19 
 Veige et. al. were the first to document the cycloaddition of a metal-bound azide 
with a metal-bound acetylide.20 They describe this approach as the inorganic version of a 
1,3-dipolar Huisgen cycloaddition. In this case, reaction of triphenylphosphine gold(I) 
azide with triphenylphosphine gold(I) phenylacetylide in chloroform results in the neutral 
1,5-diaurated triazole, 1,5-bis-triphenylphosphinegold(I) 1,2,3-triazolate in 88% yield over 
the course of 2.5 hours. The 1,4-diaurated species was formed as a minor product (<3%). 
Variable temperature 1H NMR did not conclusively reveal whether or not the two species 
were in equilibrium. 
 In this chapter, synthesis of a 1-auro(5-methyltetrazole)-d3 is described. The N-
auration of 1H-tetrazole to give an isomeric mixture of neutral 1- and 2-aurated tetrazole 
is also described. Diauration and attempted triauration of this equilibrium mixture are 
discussed. 
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4.2 Results and Discussion 
 Initially, a metalation approach was taken toward synthesis of the IDipp-supported 
(IDipp = N,N'-bis(2,6-diisopropylphenyl)imidazol-2-ylidene) N,C,N'-triauro(tetrazolylidene) 
cation {[(IDipp)Au]3(CN4)}+. Generation of the N-monoauro(tetrazolate) was accomplished 
straightforwardly by stirring an acetone solution of (IDipp)AuCl and 1H-tetrazole over 
potassium carbonate (Scheme 4.1). Filtration of the reaction mixture and removal of 
solvent by rotary evaporation afforded the product as a white solid in 96% yield. The 1H 
NMR spectrum reveals the expected IDipp-derived resonances corresponding to the 1-
auro(tetrazolate) with a major tetrazolate-derived CH resonance at d 7.98 ppm, and a 
second set of IDipp-derived resonances corresponding to the 2-auro(tetrazolate) with a 
minor tetrazolate-derived CH resonance at d 8.29 ppm (Figure 4.1). The 1H NMR 
resonances were relatively sharp. Variable temperature experiments would be required to 
determine whether the isomers exist in dynamic equilibrium. 
 
 





Addition of (IDipp)AuOTf to the mixture of 1-auro(tetrazolate) and 2-auoro(tetazolate) 
resulted in a single set of broad IDipp-derived resonances (Figure 4.2), suggesting 
formation of a fluxional N-N’-diauro(tetrazolate) cation {[(IDipp)Au]2(CHN4)}+ (Scheme 
4.2). Calculations suggest that for analogous organic tetrazolium ions, the 1,5,4-tautomer 
























while the 1,5,2- and 2,5,3-tautomers were found to be ca. 15-20 kcal/mol less favorable.21 
Based on this analogy, I suspect the 1,4-diauro(tetrazolate) cation to be the major species 
present in the {[(IDipp)Au]2(HCN4)}OTf equilibrium mixture. 
 
 
Scheme 4.2. Formation of the proposed major {[(IDipp)Au]2(CHN4)}OTf tautomer. 
 
Addition of (IDipp)AuOt-Pent or (IDipp)AuN(i-Pr)2 to the fluxional species, however, did 
not result in formation of the desired cationic N,C,N’-triauro(tetrazolylidene) cation. 
Instead, deauration occurred, regenerating the neutral N-monoaurated tetrazole 
(IDipp)Au(CHN4) and the corresponding bridged digold species, {[(IDipp)Au]2Ot-Pent}OTf 
or {[(IDipp)Au]2N(i-Pr)2}OTf, as judged by 1H NMR. Addition of LiN(i-Pr)2 to the diaurated 
tetrazolyl cation similarly resulted in deauration (Scheme 4.3), producing the neutral N-
monoaurated tetrazole (IDipp)Au(CHN4) and (IDipp)AuN(i-Pr)2 as judged by 1H NMR.  
 
 




































































































Reasoning that metalation might be inaccessible by the above route due to 
insufficient acidity of the tetrazole-derived CH proton relative to N-bound LAu+, I devised 
an alternative approach toward synthesis of the N,C,N'-triauro(tetrazolylidene) cation. 
Instead of metalating the N-H and C-H bonds of the heterocycle to generate the 1,5-
diaurated species, I envisioned that 1,3-dipolar cycloaddition of (IDipp)AuCN with 
(IDipp)AuN3 would generate the neutral 1,5-diauro(tetrazolate) [(IDipp)Au]2(CN4). At room 
temperature in THF-d8 solution, this reaction showed no progress over an extended period 
of time. Similarly, little evidence of reaction was observed when a CD2Cl2 solution of the 
gold azide and gold cyanide were heated at 120°C overnight. When a CD3CN solution of 
the gold azide and gold cyanide were heated to 60°C overnight, however, reaction 
between (IDipp)AuN3 and CD3CN occurred, resulting in formation of the IDipp-supported 
1-auro(5-methyltetrazolate)-d3 (IDipp)Au(CD3CN4) (m/z = 669.4, [M+H]+) instead of the 
desired product (Scheme 4.4). The unreacted (IDipp)AuCN in the product mixture served 
as an internal standard and indicated quantitative conversion of (IDipp)AuN3 to 
(IDipp)Au(CD3CN4) (Figure 4.5). When the reaction was conducted in CH3CN instead of 
CD3CN, the 5-methyl group of the resulting tetrazolate was detected by 1H NMR at d 1.85 
ppm in CD3CN solution. When cycloaddition of (IDipp)AuN3 with CD3CN was carried out 
in the absence of (IDipp)AuCN, (IDipp)Au(CD3CN4) was isolated in 56% yield. 
 
 


















An isomeric mixture of IDipp-supported 1-aurated and 2-aurated tetrazole 
(IDipp)Au(CHN4) was prepared by metalation of 1H-tetrazole by (IDipp)AuCl in the 
presence of K2CO3 in acetone solution. Addition of (IDipp)AuOTf to this equilibrium mixture 
gave the fluxional cationic N,N'-diauro(tetrazolate) as the triflate salt 
{[(IDipp)Au]2(CHN4}OTf, as judged by 1H NMR. Attempted metalation of 
{[(IDipp)Au]2(CHN4}OTf at the 5-position of the tetrazolyl moiety by LiN(i-Pr)2 , 
(IDipp)Au(Ot-Pent), or (IDipp)AuN(i-Pr)2 resulted in deauration. Attempted 1,3-dipolar 
cycloaddition of (IDipp)AuN3 with (IDipp)AuCN in THF, DCM, and methanol resulted in no 
reaction, even at elevated temperature; however, in CD3CN solution, (IDipp)AuN3 
underwent cycloaddition with the solvent to give the 1-auro(5-methyltetrazole)-d3 cation 




4.4.1 General Considerations 
Unless otherwise indicated, manipulations were performed in an MBraun glovebox 
under nitrogen atmosphere, or using standard Schlenk techniques under argon 
atmosphere. Glassware was dried in a ventilated oven at 160 °C or flame-dried and 
allowed to cool under vacuum. Molecular sieves (Alfa Aesar) and Celite (EMD 545) were 
dried under vacuum for at least twelve hours at 160°C. Dichloromethane (EMD Millipore 
Omnisolv), hexanes (EMD Millipore Omnisolv), toluene (EMD Millipore Omnisolv), and 
tetrahydrofuran (EMD Millipore Omnisolv) were sparged with ultra-high purity argon for 30 
minutes and dried using an MBraun solvent purification system. DCM was then transferred 
onto calcium hydride and further dried for at least 12 hours. It was then degassed and 
vacuum-transferred to a resealable flask, and stored over 3Å molecular sieves in the 
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glovebox. THF, hexanes, and toluene were then transferred onto sodium benzophenone 
ketyl and further dried until a purple color was achieved. They were then degassed and 
vacuum-transferred to a resealable flask, and stored over molecular sieves in the 
glovebox. Pyridine (Sigma-Aldrich) and acetonitrile (EMD HPLC) were stirred over calcium 
hydride (Alfa Aesar) in sealed flasks for at least twelve hours. They were then degassed 
and vacuum-transferred to resealable flasks, and stored over 3Å molecular sieves in the 
glove box. Benzene (Alfa Aesar, ACS grade) was dried over sodium benzophenone ketyl 
in a sealed flask until a purple color was achieved. It was then degassed, vacuum-
transferred to a resealable flask, and stored over 3Å molecular sieves in the glovebox. 
Methanol (BDH), acetone (BDH), and hexanes used in benchtop work (BDH) were used 
as received. 
THF-d8 (Cambridge Isotope Laboratories) was dried over sodium benzophenone 
ketyl, degassed by several freeze-pump-thaw cycles, and vacuum-transferred into a 
resealable flask. Dichloromethane-d2 and acetonitrile-d3 (Cambridge Isotope 
Laboratories) were dried over calcium hydride for at least twelve hours, degassed by 
several freeze-pump-thaw cycles, and vacuum-transferred into resealable flasks. 
Methanol-d4 (Cambridge Isotope Laboratories) was used as received. Chloroform-d3 
(Cambridge Isotope Laboratories) was used as received. 
Tetrachloroauric acid (Strem), dimethyl sulfide (Alfa Aesar), potassium carbonate 
(Alfa Aesar), calcium hydride (Alfa Aesar), silver acetate (Sigma-Aldrich), sodium metal 
(Alfa Aesar), benzophenone (Alfa Aesar), 4,4’-dimethylbiphenyl (Alfa Aesar), 1H-tetrazole 
(Alfa Aesar, 0.45 M in acetonitrile), trimethylsilyl cyanide (Aldrich), trimethylsilyl azide 
(Acros Organics), nitrogen (NexAir), and argon (both industrial and ultra-high purity 
grades, NexAir), were used as received. N,N'-Bis(2,6-diisopropylphenyl)imidazolium 
chloride,22 (IDipp)AuCl, 23 (IDipp)AuN(i-Pr)2,24 (IDipp)Au(Ot-Pent),25 (IDipp)Au(OTf),26 and 
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(IDipp)Au(OAc)27 were prepared according to literature protocol and were characterized 
by 1H NMR spectroscopy. 
 
4.4.2 Analytical Measurements 
1H and 13C spectra were obtained using a Varian Vx 400 MHz spectrometer, or 
Bruker Avance IIIHD 500 spectrometer. 1H and 13C NMR chemical shifts are referenced 
with respect to solvent signals and reported relative to tetramethylsilane. Infrared spectra 
were collected from neat solid samples using a Bruker Alpha-P infrared spectrometer 
equipped with an attenuated total reflection (ATR) attachment inside a glovebox. 
Elemental analyses were performed by Atlantic Microlab, Inc. in Norcross, Georgia. 
 
4.4.3 Synthetic Procedures 
 
4.4.3.1 (IDipp)Au(CHN4) 
 A solution of 1H-tetrazole in acetonitrile (0.17 mL, 0.45 M) was rotary-evaporated 
to dryness in a 20-mL scintillation vial. Portions of (IDipp)AuCl (48 mg, 0.077 mmol) and 
K2CO3 (22.5 mg, 0.163 mmol) were added. The solids were suspended in acetone (10 
mL) and stirred for 16 hours. The reaction mixture was then filtered through a plug of Celite 
and evaporated to dryness in vacuo (49 mg, 96%). 1H NMR (400 MHz, CD3CN): 1-
[(IDipp)Au](CHN4) d (ppm) 7.98 (s, 1H N4CH), 7.62 (s, 2H, NCH), 7.57 (t, J = 7.8 Hz, 2H, 
para-CH), 7.41 (d, J = 7.8 Hz, 4H, meta-CH), 2.60 (sept, J = 6.9 Hz, 4H, (CH3)2CH), 1.34 
(d, J = 6.9 Hz, 12H, (CH3)2CH), 1.25 (d, J = 6.9 Hz, 12H, (CH3)2CH). 2-[(IDipp)Au](CHN4) 
d (ppm) 8.29 (s, 1H N4CH), 7.62 (s, 2H, NCH), 7.58 (t, J = 7.8 Hz, 2H, para-CH), 7.41 (d, 
J = 7.8 Hz, 4H, meta-CH), 2.60 (sept, J = 6.9 Hz, 4H, (CH3)2CH), 1.34 (d, J = 6.9 Hz, 12H, 
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(CH3)2CH), 1.25 (d, J = 6.9 Hz, 12H, (CH3)2CH). Anal. Calcd for C28H37AuN6: C, 51.38; H, 
5.70; N, 12.84. Found C, 50.84; H, 5.78; N, 13.50. 
 
 
Figure 4.1. 1H NMR (400 MHz, CD3CN) spectrum of [(IDipp)Au](CHN4). 
 
4.4.3.2 {[(IDipp)Au]2(CHN4)}OTf 
 Portions of (IDipp)Au(CHN4) (10 mg, 0.015 mmol) and (IDipp)AuOTf (11mg, 0.015 
mmol) were combined in a 20-mL scintillation vial and dissolved in CD3CN (1mL), and 
allowed to stand for 15 minutes before the acquisition of NMR data. 1H NMR (400 MHz, 
CD3CN): d (ppm) 8.18 (s, 1H N4CH), 7.60 (s, 4H, NCH), 7.54 (t, J = 7.7 Hz, 4H, para-CH), 
7.37 (d, J = 7.8 Hz, 8H, meta-CH), 2.53 (sept, J = 6.8 Hz, 8H, (CH3)2CH), 1.25 (d, J = 6.8 
Hz, 24H, (CH3)2CH), 1.25 (d, J = 6.8 Hz, 24H, (CH3)2CH).  
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Figure 4.2. 1H NMR (400 MHz, CD3CN) spectrum of [(IDipp)Au]2(CHN4)]OTf. 
 
4.4.3.3 (IDipp)AuCN 
 (IDipp)AuCN was prepared according to a modified literature procedure27 and its 
purity was checked by 1H NMR. A portion of (IDipp)AuOAc (135 mg, 0.21) was massed 
into a 25-mL Schlenk flask equipped with a stir bar. The solid was dissolved in THF (6 
mL), the flask was fitted with a rubber septum, and trimethylsilyl cyanide (0.052 mL, 0.42 
mmol) was added via syringe. The reaction mixture was stirred overnight. All volatiles were 
removed in vacuo to give the white solid. 1H NMR (400 MHz, CDCl3): d (ppm) 7.52 (t, J = 
7.8 Hz, 2H, para-CH), 7.30 (d, J = 7.8 Hz, 4H, meta-CH), 7.19 (s, 2H, NCH), 2.48 (sept, J 


























Figure 4.3. 1H NMR (400 MHz, CDCl3) spectrum of (IDipp)AuCN. 
 
4.4.3.4 (IDipp)AuN3 
 (IDipp)AuN3 was prepared according to a modified literature procedure7,28,29 and 
its purity was checked by 1H NMR. A portion of (IDipp)AuOAc (130 mg, 0.20 mmol) was 
massed inside of a round-bottom flask equipped with a stir bar and dissolved in THF (6 
mL). The round-bottom flask was fitted with a rubber septum and taken outside of the 
glove box. A portion of trimethylsilyl azide (0.045 mL, 0.41 mmol) was added via syringe 
and the reaction mixture was stirred for 15 hours, evaporated to dryness, triturated with 
hexanes, and collected by vacuum filtration. 1H NMR (400 MHz, CDCl3): d (ppm) 7.52 (t, 
J = 7.8 Hz, 2H, para-CH), 7.30 (d, J = 7.8 Hz, 4H, meta-CH), 7.17 (s, 2H, NCH), 2.53 
(sept, J = 6.8 Hz, 4H, (CH3)2CH), 1.33 (d, J = 6.9 Hz, 12H, (CH3)2CH), 1.22 (d, J = 6.9 Hz, 






















Figure 4.4. 1H NMR (400 MHz, CDCl3) spectrum of (IDipp)AuN3. 
 
4.4.3.5 (IDipp)Au(CD3CN4) 
 Method A. Portions of (IDipp)AuN3 (10 mg, 0.016 mmol) and (IDipp)AuCN (10 mg, 
0.016 mmol) were massed in a 20-mL scintillation vial and dissolved in CD3CN (0.7 mL). 
The solution was quantitatively transferred to an NMR tube using additional portions of 
CD3CN (0.3 mL). The NMR tube was capped and sealed with parafilm and heated to 60°C 
for 17.5 hours. The solution was then quantitatively transferred to a 20-mL scintillation vial 
and evaporated to dryness to give the white powder (20 mg, 100% NMR yield). 1H NMR 
(500 MHz, CD3CN): (IDipp)Au(CD3CN4) d (ppm) 7.61 (s, 2H, NCH), 7.58 (t, J = 7.8 Hz, 
2H, para-CH), 7.42 (d, J = 6.5 Hz, 4H, meta-CH), 2.60 (sept, J = 6.9 Hz, 4H, (CH3)2CH), 
1.32 (d, J = 7.0 Hz, 12H, (CH3)2CH), 1.25 (d, J = 6.9 Hz, 12H, (CH3)2CH). (IDipp)AuCN d 





















CH), 2.51 (sept, J = 6.9 Hz, 4H, (CH3)2CH), 1.29 (d, J = 7.0 Hz, 12H, (CH3)2CH), 1.22 (d, 
J = 6.9 Hz, 12H, (CH3)2CH). 13C NMR (126 MHz, CD3CN): (IDipp)Au(CD3CN4) d (ppm) 
173.3 (NCAu), 146.99 (ortho-C), 134.91 (ipso-C), 131.83 (para-C), 125.5 (meta-C), 
125.3(NCH), 29.70 (CH(CH3)2), 24.68 (CH(CH3)2), 24.08 (CH(CH3)2. (IDipp)AuCN d 
(ppm) 186.0 (NCAu), 150.8 (CN), 146.91 (ortho-C), 134.73 (ipso-C), 131.78 (para-C), 
125.4 (meta-C), 125.2 (NCH), 29.61 (CH(CH3)2), 24.74 (CH(CH3)2), 24.01 (CH(CH3). IR: n 
(cm–1) 2961, 2926, 2869, 2153, 2058, 1595, 1548, 1469, 1457, 1416, 1385, 1364, 1328, 
1255, 1212, 1178, 1109, 1059, 976, 939, 936, 806, 760, 751, 710, 639, 549, 451. Anal. 
Calcd for C57H72D3Au2N9: C, 53.35; H, 6.13; N, 9.82. Found C, 52.76; H, 5.73; N, 9.55. 
 
 











































Figure 4.6. 13C NMR (126 MHz, CD3CN) spectrum of (IDipp)Au(CD3CN4) and 




 Method B. A portion of (IDipp)AuN3 (15 mg, 0.024 mmol) was dissolved in CD3CN 
(1.2 mL) in a sealable NMR tube. The reaction mixture was heated to 60°C for 43 hours. 
The solvent was then removed in vacuo to afford the white solid (9 mg, 56%). 1H NMR 
(500 MHz, CD3CN): d (ppm) 7.61 (s, 2H, NCH), 7.58 (t, J = 7.8 Hz, 2H, para-CH), 7.42 (d, 
J = 6.5 Hz, 4H, meta-CH), 2.60 (sept, J = 6.9 Hz, 4H, (CH3)2CH), 1.32 (d, J = 7.0 Hz, 12H, 
(CH3)2CH), 1.25 (d, J = 6.9 Hz, 12H, (CH3)2CH). 13C NMR (126 MHz, CD3CN): d (ppm) 
173.3 (NCAu), 147.01 (ortho-C), 134.92 (ipso-C), 131.84 (para-C), 125.53 (meta-C), 
125.29 (NCH), 29.71 (CH(CH3)2), 24.68 (CH(CH3)2), 24.09 (CH(CH3)2 IR: n (cm–1) 3159, 
3123, 3071, 2963, 2927, 2869, 1548, 1549, 1420, 1422, 1385, 1364, 1330, 1266, 1215, 






























































































































Figure 4.8. 13C NMR (126 MHz, CD3CN) spectrum of (IDipp)Au(CD3CN4). Methytetrazolyl-
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This thesis describes the pursuit of an NHC-supported trigold(I) carbido cation. 
Three routes were explored towards the generation of such a species. These include 
decarbonylation of a trigold(I) ketenylidene cation (see Chapter 1), and two distinct 
approaches involving stepwise auration of (trimethylsilyl)diazomethane (see Chapter 3). 
Auration of (trimethylsilyl)diazomethane ultimately led to the pyridine adduct of the SIMes-
supported trigold(I) carbido cation. Other relevant species were generated including an N-
[diauro(trimethylsilyl)methyl]acetonitrilium cation, an N-[diauro(trimethylsilyl)methyl]-
pyridinium cation, an N-(diauromethyl)pyridinium cation, and a gold(I) methoxymethyl 
complex.  
 The SIMes-supported trigold(I) ketenylidene cation was generated by reaction of 
the SIMes-supported gold(I) acetate with substoicheometric quantities of ketene 
generated by the equilibrium reaction of excess triethylamine and acetic anhydride. 
Formation of the triaurated species, rather than the digold(I) ketenyl complex, may be 
attributed in part to a moderate energetic contribution of about 20 kcal/mol resulting from 
closed-shell d10-d10 attractions between gold centers.1-5 The presence of these weak 
aurophilic interactions manifest as moderately close Au-Au contacts in the crystal structure 
of the trigold(I) ketenylidene tetrafluoroborate salt. The bond metrics of the ketenylidene 
moiety suggest net double bonding character for the C-C (1.318(8) Å) and C-O (1.183(7) 
Å) bonds, indicating that the description of this species as a triaurated acetylium ion is 
incorrect. This is corroborated by a weak carbonyl stretching frequency at 2013 cm-1, 
which is lower in energy than that of ketene (2152 cm-1) with a C-O double bond,6 and 
much lower in energy than that of acetylium ion (2302 cm-1) with a C-O triple bond.7 This 
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observation is in alignment with the non-lability of the Au3C-CO bond. Additionally, the 
trigold(I) ketenylidene cation exhibited no electrophilic behavior at its b-carbon, but was 
instead most reactive at the Au-C bonds. Reaction with nucleophiles such as sodium 
borohydride led to deauration rather than CH bond formation, giving (SIMes)AuH in 88% 
yield. Reaction with protic thiophenol also led to deauration to give (SIMes)AuSPh and the 
ketene transfer product, S-phenyl thioacetate, in greater than 95% yield. 
 Reaction of (trimethylsilyl)diazomethane with (IDipp)AuN(IPr)2, (IDipp)AuOt-Pent, 
or (SIMes)AuOt-Pent led to deprotonation/auration of the substrate to give the 
corresponding gold(I) (trimethylsilyl)diazomethyl complexes.8 Reaction of these 
complexes with electrophilic gold triflates including (IDipp)AuOTf and [(SIMes)Au(Py)]OTf 
in coordinating solvent (MeCN in the case of the former, pyridine in the case of the latter) 
gave the solvent adducts of the corresponding digold(I) (trimethylsilyl)methylidyne cations. 
Although the protonolyzed species {[(SIMes)Au]2CH(Py)}OTf  was cocrystallized with 
samples of {[(SIMes)Au]2C(Py)SiMe3}OTf prepared in this manner, it could not be 
intentionally generated by alcoholysis of {[(SIMes)Au]2C(Py)SiMe3}OTf. The 
{[(SIMes)Au]2CH(Py)}OTf was generated independently, however, by reaction of 
(SIMes)AuOAc with (SIMes)AuC(N2)SiMe3. This reaction must involve an adventitious 
proton source, and suggests a basic intermediate is involved in generation of 
{[(SIMes)Au]2CH(Py)}OTf. This intermediate is tentatively assigned as the diaurated 
pyridinium ylide {[(SIMes)Au]2C(Py)}+.  
Reaction of (SIMes)AuC(N2)SiMe3 with the gold-nucleophile pair (SIMes)AuF was 
envisioned to result in desilylation/auration to give the neutral diaurated diazomethane 
[(SIMes)Au]2C(N2); however, the reaction proceeds instead in a 1:2 ratio, and is 
accompanied by dinitrogen loss to give the N-(triauromethyl)pyridinium cation as the 
bifluoride salt. This reactivity may be attributed in part to a modest energetic contribution 
due to closed-shell d10-d10 attractions between gold centers.1-5 Evidence of these 
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aurophilic attractions is observed as close Au-Au contacts in the solid state structure of 
the compound. Optimization of the reaction by including an equivalent of 
[(SIMes)Au(Py)]OTf resulted in generation of the cation as the more stable triflate salt. 
Description of this species as the pyridine adduct of an electrophilic trigold(I) carbido 
cation is supported by its reactivity with CO, which affords the trigold(I) ketenylidene 
cation.9 Reaction of various (SIMes)AuX and {(SIMes)Au]2X}+ reagents, including 
(SIMes)AuF, (SIMes)AuF and (SIMes)AuOTf, as well as {(SIMes)Au]2OAc}+  with the 
SIMes-supported gold(I) (trimethylsilyl)diazomethyl complex at low temperature in non-
coordinating solvent followed by addition of pyridine results in generation of the N-
(triauromethyl)pyridinium cation. These experiments suggest the transient formation of a 
free trigold(I) carbido intermediate. 
An N,C,N'-triauro(tetrazolylidene) cation was pursued by two separate routes. 
Initially, auration of 1H-tetrazole was carried out to give an isomeric mixture of IDipp-
supported 1-aurated and 2-aurated tetrazole (IDipp)Au(CNH4). Addition of  (IDipp)AuOTf 
to the mixture led to the fluxional N,N'-diauro(tetrazolate) {[(IDipp)Au]2(CHN4}OTf. 
Attempted deprotonation of the tetrazole-derived CH led instead to deauration, 
regenerating the monoaurated tetrazole. Cycloaddition of (IDipp)AuN3 and (IDipp)AuCN 
was attempted in various solvents with the intention of circumventing this problem, but no 
reaction was observed between the gold bound substrates. In CD3CN solution at 60°C, 
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Chapter 2: A Trigold(I) Ketenylidene Cations 
 John Bacsa of the Emory X-Ray Crystallography Center collected and solved X-
ray diffraction data. 
 
Chapter 3: An N-(triauoromethyl)pyridinium Cation and Related Species 
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